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Abstract 
Mycorrhizae have an essential role in nutiient cycling and in 
determing oUier aspects of plant health. Besides mycorrhiza the 
other group of organism Rhizobacteria specially Pseudomonas 
aggressively colonize the root system, increases plant growth and 
control root pathogens. AM fungi Pseudomonas share the common 
association with plgint parasitic nematode in the rhizosphere of plant. 
Concomitant colonization and infection of roots by AM fungi, other 
microbes inevitably interfere with other's sphere of influence and are 
of great importance in the control of plant pathogens. 
The present study determines the role of AM fungi on root - knot 
development and resulting influence on plant growth. The effect of 
AM fungi along with growth promoting bacteria, Pseudomonas 
fluorescens on the root - knot nematode disease was studied. 
Influence of Pseudomonas fluorescens and N, P and K fertilizers on 
penetration, development by root-knot nematode on tomato were 
studied. Out of six AM fungi viz.. Glomus mosseae, G. fasiculatum, G. 
constrictum, G. aggregatum, Acaulospora scrobiculata and Gigaspora 
gigantea tried, Glom.us m.osseae was selected as efficient AM fungus 
for the host plant (tomato), on the basis of overall performance and 
used for the control of root knot nematode in further study. Tomato 
(Lycopersicon esculentum Mill.) var. Pusa Ruby was selected as test 
plant and root-knot nematode Meloidogyne incognita as the test 
pathogen. 
Interaction of G. mosseae , Pseudomonas fluorescens and M. 
incognita was investigated on the basis of plant growth 
characteristics ( Length, fresh and dry weight of the plant), nutrient 
content (N, P and K) of the plant, mycorrhization (External 
colonization. Internal colonization. Percent arbuscules Number of 
chlamydospores in 1 cm root and number of chlamydospores 
recovered from dry rhizosphere soil/pot) and root-knot disease ( 
nematode population in soil and root, number of egg masses per root 
system, fecundity and number of galls per root system). A 
preliminary survey of Aligarh district (U.P) India, was carried out to 
judge the mycorrhizal status of some commonly cultivated crops at 
four different sites. The results of the study are given below in brief. 
AMF status of commonly cultivated crops of Aligarh District 
survey 
A study was conducted at four different sites of Aligarh district to 
assess arbuscular mycorrhizal fungi (AMF), spore population and 
root colonization in commonly cultivated crops like chickpea, 
mungbean, brinjal, tomato, wheat, chilli and maize. Edaphic 
characteristics of rhizosphere soil from these localities were also 
studied. 
Six species of AM fungi belonging to three genera viz., Glomus (4 
species), Acaulospora (1 species) and Gigaspora (1 species) were found 
to be associated with these crops. Glomus was the predominant 
genus and showed high frequency of occurrence at all the sites 
surveyed. High values of per cent colonization were observed (above 
70 per cent) in majority of the cases. There was no definite 
relationship between cultivated crops and AM fungi, as the spore 
number in soil obtained from rhizosphere of different crops varied at 
different sites but AM fungi preferred chilli and maize crops. No 
definite relationship was observed between mycorrhizal infection and 
the prevalent edaphic factors. 
Screening of arbuscular mycorrhizal fungi (AMF) for the 
selection of the most efficient AMF inoculant for tomato 
{Lycopersicon esculentxim Mill.) 
A study was conducted to select the most efficient AMF 
inoculant for tomato var. Pusa Ruby. Six different AMF were 
evaluated for their efficiency in promoting plant growth, nutrient 
status and mycorrhization. Inoculation with AMF species resulted in 
higher plant growth biomass and nutrient status. Mycorrhization 
was studied in terms of multiplication of the AM fungi, internal and 
external colonization and percent arbuscules. Measurement of plant 
harvested at 60 days after inoculation responded to its best with the 
inoculation with Glomus mosseae followed by G. constrictum in terms 
of plant length, fresh and dry weight, mycorrhzal colonization and 
nitrogen, phosphorus and potassium contents. Gigaspora gigantea 
and Acaulospora scrobiculata showed poor values for most of the 
parameters studied. On the basis of this study G. mosseae was 
selected as the most effective AMF inoculant for tomato var. Pusa 
Ruby under glasshouse conditions. 
Effect of multiple inoculum levels of AM fungus Glomus mosseae 
on the development of root- knot disease in tomato 
Interaction between G. mosseae and M. incognita was studied 
at multiple inoculum levels. The interaction was studied in terms of 
influence on the growth and development of tomato, and colonization 
and reproduction of the pathogen as well as the mycosymbiont. 
Presence of G. mosseae resulted an increased values of growtii 
parameters and nutrient content both in the presence as well as 
absence of M. incognita. The improvement in plant growth 
parameters and mycorrhization occurred proportional to the spore 
levels. 
Presence of M. incognita had an adverse impact on the growth 
and development of tomato plants. Consequently, M. incognita 
infected plants had lower values of growth parameters and nutrient 
content. The decrease in these values was greater when higher 
inoculum levels of M. incognita were used. Internal and external 
colonization by the AM fungus, the percentage of arbuscules and the 
number of chlamydospores in soil and in root were adversely effected 
by the nematode. When higher inoculum levels of the nematode were 
used there was an increase in the values of nematode infection and 
multiplication parameters. 
In general, there was an increase in the value of growth 
parameters and nutrient status and decrease in the infection and 
multiplication of M. incognita with the increasing level of G. mosseae 
inoculum. But for most of the parameters studied there was no 
significant difference in the values obtained at 1,200 and 2400 
spores per plant. This implies that 1200 spores of G. mosseae p)er 
plant is the appropriate inoculum level for growth and development 
of tomato var. Pusa Ruby as well as for the suppression of root-knot 
disease caused by M. incognita under glasshouse conditions. 
The severity of the root-knot disease as reflected by its adverse 
impact (on the growth and development of tomato and on the 
mycorrhization of G. mossea) increased with an increase in the 
inoculum of Af. incx)gnita. But no significant difference was observed 
at higher inoculum levels of 4,000 and 8,000 juveniles per plant. 
Generrally higher levels of spore concentration 1200 and 2400 per 
plant were found to be more suppressive on root-knot development. 
Effect of N, P and K fertilizers and Pseudomonas fluorescens on 
the development of root-knot disease in tomato 
The objective of this experiment was to determine the role of 
N, P and K fertilizers in the interaction between Pseudomonas 
fluorescens and Meloidogyne incx>gnita. A preliminary investigation 
was first carried out to determine the most effective dose of N, P and 
K fertilizers. Results obtained showed that the most effective dose of 
fertilizers was 300 mg/kg for N; 125 mg/ Kg for P and 200mg/kg for 
K. These doses of the fertilizers were applied to the plants in the 
main experiment where they were used alongwith M. incognita and P. 
fluorescens. Inoculation with Af. incognita resulted in significant 
reduction in shoot, root and plant length, fresh and dry weights. The 
nutrient content (N, P and K) of nematode infected plants was lower 
than other treatments. P. fluorescens inoculation resulted a 
significant increase in length, fresh weight and dry weight of the 
plants. The nutrient content of P. fluorescens resulted in increased 
values of growth parameters and nutrient status even in the 
presence of M. incognita. 
Among the nitrogen(Urea), Phosphorus (Single super 
phosphate) and potassium (murate of potash) fertilizers applied at 
recommented doses selected singly or in combination, showed that 
application of all the three fertilizers in combination caused 
maximum improvement of plant growth compared to one which 
received only one or two fertilizers. The effect of fertilizers was more 
pronouced in Pseudomonas inoculated plants in the absence or 
presence of root-knot nematode as compared to control. The 
combined doses of N, P and K plants benefitted the most from 
Pseudomonas association and provided a drammatic protection 
against root-knot disease caused by M. incognita 
Effect of Glomus mosseae and Pseudomonas fluorescens, alone 
and in combination, on development of root-knot disease in 
tomato 
Arbuscular mycorrhizal fungus, Glomus mosseae and a plant growth 
promoting rhizobacterium [PGPR], Pseudomonas fluorescens were 
used for the management of root-knot disease caused by 
Meloidogyne incognita on tomato [Lycopersicon esculentum] var. Pusa 
Ruby. M. incognita caused significant reduction in length, fresh 
weight as well as dry weight. The nutrient (N, P and K) content of 
nematode inoculated plants was lowest. Inoculation with this 
nematode caused significant reducation in mycorrhization by G. 
mosseae. Inoculation with G. mosseae and /or P. fluorescens 
resulted a high values of Growth parameters and nutrient content. 
G. mosseae caused greater increase in the values of these 
parameters compared to P. fluorescens. Inoculation of nematode 
infected plants with G. mosseae and/or P. fluorescens alleviated the 
adverse effect of the nematode. Combined inoculation of G. mosseae 
and P. fluorescens was more effective in reducing the adverse effects 
of M. incognita as compared to individual application. G mosseae 
was more effective in reducing the infection and multiplication of M. 
incognita as compared to P. fluorescens. Maximum reduction in the 
infection and multiplication was observed when both G. mosseae and 
P. fluorescens were inoculated. Inoculation of mycorrhizal plants with 
P. fluorescens was found to cause reduction in the values of 
mycorrhization parameters. 
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INTRODUCTION 
INTRODUCTION 
The population explosion continues unabated, and provision of 
sufficient food remains elusive. Every hole is being plugged and every 
effort is being made to make sure there's enough food for man. The 
pathogens too are being denied their share. But the assaul t of the 
pathogens continues, and so do the a t tempts to contain this loss. The 
realization of the unsustainabil i ty of chemical control of pathogens h a s 
led to increase interest in other means of control. So protection of 
plants for better production h a s to be compatible with sustainability. 
Vegetables constitute a very important part of our daily diet. For a 
balanced diet an adult needs about 250g vegetables per day. But the 
national consumption is less than 81g. This is because of the non-
availability of adequate amount of vegetables, as the actual production 
of vegetables is considerably less thsm the required quantity. 
Tomato, Lycopersicon esculentum Mill, is an important vegetable 
crop and its cultivation is worldwide. Fresh ripe fruits are refreshing 
and appetizing. Tomatoes are consumed in the form of juice, paste , 
ketchup, puree, soup, etc. Ripe tomatoes contain glucose and fructose 
as the principal sugars. The fruits contain essential amino acids except 
tryptophan. Citric and malic acids also occur in tomato in appreciable 
amounts . Tomato contains a gluco-alkaloid tomat ine ' which is used a s 
precipitating agent for cholesterol. 
In India, despite a large area unde r cultivation, markets normally 
experience shortage or high cost of tomato, which is probably due to low 
productivity of this crop under local climatic conditions. Apart from 
horticultural constraints, attack by pests and diseases is an important 
factor responsible for lower yields. A number of diseases viz. root rot, 
root knot, wilt, fruit rot, powdery mildew and some bacterial and viral 
diseases regularly develop on tomato and cause considerable decline in 
5deld. 
There are several constraints on the successful cultivation of 
tomato. Nematode alone causes about 20.6 per cent loss in yield 
worldwide (Sasser, 1989). Subramaniyan et al. (1990) reported 42.05-
54.42 per cent yield loss of tomato due to Meloidogyne incognita. Jain et 
al. (1994) reported 47.3 per cent and 71.9 per cent avoidable yield loss 
in vegetable crops due to M. javanica and M. incognita, respectively. 
In India, the importance of nematodes as a constraint on 
successful crop production was recognized long ago. The discovery of 
the prevalence of cyst nematode on potato (Jones, 1961) and on wheat 
(Vasudeva, 1958) examplified the seriousness of the problem. Since 
then, a number of nematode problems of national importance have 
emerged. 
Root knot nematodes are prevalent in 90 per cent of agricultural 
crops and are considered to be the number one problem. These 
nematodes attack underground parts of plants where they induce the 
development of abnormal growth in the roots. Sometimes large galls 
develop at the base of the stem. The size and character of galls vary in 
different plants e.g. in Thunbergia laurifolia and rhubarb, enormously 
large structures, nearly two feet in diameter, may be seen (Steiner et al., 
1934). 
Earlier, the attention of those involved in plant protection was 
focused only on the successful control of disease. But with the passage 
of time, new concerns have emerged. Am.ongst them, damage to the 
environment is foremost. This has prompted research for the 
development of new strategies for disease management. One 
consequence of this paradigm shift in scientific thinking is the attempt 
to move away from complete reliance on chemical pesticides. These 
pesticides are relatively effective but create a lot of hazards to man and 
the environment. In addition to the target pest, they also kill a lot of 
beneficial micro-organisms in the phylloplane and/or rhizosphere, 
contaminate soil and water and accumulate in plant parts. Pesticide 
application may solve the problem of pest and disease for the time 
being, but for a lasting, economically viable and ecologically sustainable 
solution, it is imperative to explore and exploit other methods of disease 
m.anagement. 
An attractive tool in the hands of agriculturists, which measures 
to some of the above listed criteria is biological control. It implies total 
or partial destruction of the pathogen by other organisms except man. 
Though biological control has been practiced through rotation of crops 
etc. since ages, the term was first used in scientific literature by G.F. 
Von Tabuef in 1914 (Baker, 1987). In recent decades, considerable 
research has been carried out in this field. But despite the effort, 
effective and economic control of pathogens through biological control 
has remained elusive. There are not many cases where biological 
control agents have been registered for commercial use. But despite the 
limited success achieved so far, biological control holds more promise 
than any other strategy of disease management. 
The favourites for biocontrol have been the micro-organisms that 
grow in the rhizosphere. Under natural conditions, these organisms 
provide the frontline defense against pathogens. Among the various 
micro-organisms, arbuscular mycorrhizal fungi and fluorescent 
pseudomonads have attracted considerable attention for their 
usefulness in biological control. 
Fluorescent Pseudomonas species have emerged as the largest 
and potentially more promising group of plant growth promoting 
rhizobacteria (PGPR) involved in the biocontrol of plant diseases 
(Kloepper et ah, 1988). These bacteria are ideally suited as soil 
inoculants because of their potential for rapid and aggressive 
colonization. They have the ability to colonize the rhizosphere of a wide 
variety of crops including cereals, pulses, oil-seeds and vegetables. They 
produce secondary metabolites like siderophores, antibiotics, HCN, etc. 
and exhibit parasitism towards several root borne pathogens. These 
properties collectively lead to the suppression of pathogens and help in 
plant nutrition leading to improved crop yield. The potential usefulness 
of Pseudomonads due to their positive effect on plant growth promotion 
has attracted the attention of agronomists and microbiologists (Defago 
et at, 1990). Their plant growth promoting activity results from the 
contribution of different substances which act directly or indirectly on 
the plant. Indirect plant growth promotion is due to the suppression of 
soil borne plant parasites and deleterious rhizosphere micro-organisms. 
Direct stimulation of plant growth is mainly due to the release of growth 
factors (Leisinger and Margraff, 1979; Schippers, 1988) and 
enhancement of phosphate (Liftshitz et al, 1987) and iron (DeWeger et 
al, 1989) uptake. 
Production of some growth promoting substances by fluorescent 
Pseudomonads in the rhizosphere is also known to contribute to 
enhanced plant growth (Burr and Caesar, 1984). Vitamins and growth 
hormones (auxins, c5^okinins, etc.) produced by these Pseudomonads 
often lead to morphological changes in plants.( Garcia de Salome, 2001) 
The antagonism of P. fluorescens towards nematodes is well 
known (Ostendorf and Sikora, 1989). Application of this bacterium is 
known to suppress the population as well as the morphometric 
characteristics of nematodes (Siddiqui and Mahmood,1998; Siddiqui et 
al, 1998; Siddiqui and Mahmood 2003). Even a non-cellular extract of 
this bacterium exhibits high degree of larvdcidal properties (Gotke and 
Swarup, 1988). There are numerous other reports of the antagonism of 
this bacterium towards nematodes (Weiden bomer and Kunz, 1993; 
Siddiqui et al, 2001, and Shanti eta/., 1998). 
Mycorrhizae, the associations between fungi and plant roots are 
among the most widespread symbiotic relationships among plant 
communities. These are potential tools now available to plant scientists 
to improve the overall performance and productivity of plants. 
Arbuscular mycorrhizae, a t5^e of endomycorrhizae are geographically 
ubiquitous and occur over a broad ecological range. They are commonly 
found in agricultural crops irrespective of soil t5^es. The fungi take 
carbohydrates from the plant and in return supply the plant with 
nutrients, hormones, etc. (Rangaswami, 1990). The fungi apparently 
improve plant growth by increasing the absorbing surface of the root 
system and alleviating water stress; by selectively absorbing and 
accumulating certain nutrients, especially phosphorus; by solubilizing 
and making available to the plants some normally non-soluble 
minerals; by somehow keeping feeder roots functional longer, and by 
making feeder roots more resistant to infection by certain soil fungi 
such as Phytopthora, Pythium, Fusarium and by nematodes(Agrios, 
1997). 
Arbuscular mycorrhizae modify the fertility of a given soil by 
altering the nutrient uptake properties of the root system. This is done 
through the development of an extensive network of extrametrical 
hyphae in the soil surrounding the roots, which have the capacity for 
nutrient absorption and transport to the cortical root cells. It is widely 
accepted that AM play a recognized role in nutrient cycling in the 
ecosystem (Harley and Smith, 1983). Increased uptake of phosphorus is 
not the only effect of AM fungi on plant growth. They also stimulate 
uptake of zinc, copper, sulphur, potassium and calcium, although not 
as markedly as phosphorus (Cooper and Tinker, 1978). AM fungi help 
the roots in better absorption of water by exploring water in wider zones 
of soil (Safir et al, 1971, 1972). 
Antagonism of plant parasitic nematodes by AM fungi has been 
noted in many cases (Baltruschat et at, 1973; Sikora, 1978; Bagyaraj et 
al;, 1979; OBannon et al, 1979; Strobel et al, 1982; Cooper and 
Grandison, 1987; Sivaprasad et al, 1990; Sitaramaiah and Sikora, 
1996, Hasan et ai.,2003). This may be due to improved plant vigour, 
physiological alteration of root exudates or through direct role of 
mycorrhizae in retarding the development and reproduction of 
nematodes within the root tissues. 
Harnessing the usefulness of micro-organisms like the ones 
discussed above (AM fungi, fluorescent psuedomonads, etc.) will 
enhance the sustainability of our agricultural systems. In the present 
study an effort is made to establish a biocontrol system for the 
management of root-knot disease of tomato by exploiting microbes. 
Towards achieving this end, the study was conducted in the following 
manner. 
1. A survey was conducted in Aligarh district to determine the AM 
fungal species colonizing various crops. 
2. These AM fungi were collected from the agricultural fields, 
multiplied by single spore inoculation technique, and pure 
cultures were maintained under pot conditions. 
3. The AM fungi were screened for their relative efficiency in 
promoting the growth of tomato under glasshouse conditions. 
4. The species found to be the most effective was tested for its 
biocontrol potential against Meloidogyne incognita on tomato var. 
Pusa Ruby. 
5. The effect of different combinations of Nitrogen, Phosphorus and 
Potassium fertilizers in the presence and absence of Pseudomonas 
fluorescens on multiplication of root-knot nematode, Meloidogyne 
incognita and growth of tomato was studied. 
6. The effect of individual and simultaneous inoculation of G. 
mosseae and P. fluorescens on the root-knot, Meloidogyne 
incognita and plant growth was studied. 
The thesis s tar ts with a general introduction, followed by a review 
of literature. The experimental work is divided into five sections, each 
with a separate introduction, materials and methods, results, 
discussion and summary. A list of the literature cited, and some 
appendices of the ANOVA models used, are given at the end of the 
thesis. 
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REVIEW OF LITERATURE 
REVIEW OF LITERATURE 
Biological control implies total or partial destruction of a 
pathogen by any other organism except man. The term was introduced 
in scientific literature by G.F. Von Tabuef in 1914 (Baker, 1987). 
Interest in biological control first arose in 1920s and 1930s, when some 
plant pathogens were suppressed by introducing some antibiotics-
producing microbes. A turning point for research on biological control of 
plant pathogens came after a gap of more than 30 years when in 1963 
an International Symposium on 'Ecology of Soilbome Plant Pathogens -
Prelude to Biological control' was held in Berkely, USA. 
The possibility of biocontrol of nematodes was first suggested by 
Lodhe (1874). His study generated interest in many early workers. 
Organized research on this aspect of nematode management, however, 
started in 1960s. In recent past, biocontrol of plant parasitic nematodes 
h a s been the subject of several reviews (Sayre, 1980; Ja ta l , 1986; Khan, 
1990; Siddiqui and Mahmood, 1998, 1996). 
Biological control h a s proved to be more successful in 
rhizosphere than in phyllosphere. One reason for the limited success in 
phyllosphere is the pronounced fluctuations in environmental 
conditions in the phyllosphere, making it a highly stressed niche 
(Sharma 1998). In rhizosphere also, the focus has been on the micro-
organisms that occur there naturally. Even under natural conditions, 
these organisms provide frontline defense against pathogens. Some of 
these micro organisms only antagonize the pathogen, and have no 
direct influence on the host. Others served the dual purpose of 
promoting plant growth a s well a s antagonizing the pathogen. Among 
the latter, AM fungi and fluorescent pseudomonads have received 
considerable attention. 
AM Fungi : distribution and taxonomy 
The term 'mycorrhiza' was introduced by Frank (1885), which 
literally means Tungus root'. Five main types of mycorrhiza have been 
recognized viz; Ectomycorrhiza, Arbuscular mycorrhiza (VA), Ericoid 
mycorrhiza. Orchidaceous mycorrhiza and Arbutoid mycorrhiza. Of the 
five major types of mycorrhiza, AM are geographically ubiquitous and 
occur over a broad ecological range. They have the widest host range 
and distribution of all the mycorrhizal associations. It is estimated that 
about 90 per cent of vascular plants normally establish mutualistic 
relationship with AM fungi. AM associations have been observed in 
1,000 genera of plants belonging to 200 families. There are about 
300,000 receptive hosts in world flora (Kendrick and Berch, 1985), and 
there are about 120 common species of AM fungi (Schenck, and Perez, 
1987). 
AM fungi develop association with nearly all cultivated plants 
whether they are agricultural, horticultural, or fruitcrops. According to 
Gerdemann (1975), it's easier to list plant families that do not form AM 
association than to list those tha t do. Families not forming arbuscular 
mycorrhizae include the Pinaceae, Betulaceae, Orchidaceae, 
Fumariaceae, Commelinaceae, Urticaceae and Ericaceae. Families that 
rarely form AM structures include the Brassicaceae, Chenopodiaceae, 
Polygonaceae and Cyperaceae. Important crops forming AM 
associations include wheat, maize, all millets, potatoes, beans, 
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soybeans, tomatoes, apples, oranges, grapes, banana , castor, tobacco, 
tea, coffee, cocoa, sugarcane, mango, asparagus, rubber, cardamom, 
pepper, etc. (Bagyaraj, 1991). Most of the tropical rainforest trees have 
arbuscular mycorrhizae (Janos, 1983). They are found in gymnosperms 
(Harley, 1969), pteridophytes (Cooper, 1976) and bryophytes (Parke and 
Lindermab, 1980). They have been reported in floating (Bagyaraj etal, 
1979) and submerged aquatic plants (Clayton and Bagyaraj, 1984). 
Though usually confined to roots, they have been reported in diverse 
s t ructures such a s modified leaves of water fern Salvinia eucullata 
(Bagyaraj etal, 1979), fruiting peg of peanut (Graw and Rehm, 1977) 
and modified scale like leaves and rhizom.es of ginger and canna 
(Selvaraj etal, 1986). 
One reason for this widespread occurrence of AM fungi is tha t 
they are not host-specific. However, there are certain evidences of 
preferential association (Mosse, 1977). In addition to their widespread 
distribution throughout the plant kingdom, they are also geographically 
ubiquitous, and occur in plants growing in arctic, temperate, and 
tropical regions (Mosse et al, 1981). In general, VAM population is more 
in cultivated soil compared to virgin soil (Mosse and Bowen, 1968). They 
are mostly seen in top 15-30 cm of soil and their number s decrease 
markedly below the top 15 cm of soil (Redhead, 1977). They are 
normally not found in depths beyond the normal root range of p lants 
(Mosse et al, 1981). The distribution of species of AM fungi varies with 
climatic and edaphic environment a s well as with land use. 
Sankaranarayanan and Sundarababu (2001) observed positive 
correlation between moisture level and AM development upto 70 per 
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cent. Thereafter, increase in moisture content had negative influence on 
AM development. They also observed decrease in AM colonization with 
increase in soil acidity. At pH level of 4, AM fungi failed to develop. 
Hasan et al. (2003) observed wide differences in AM colonization 
between different cropping seasons. Species of Glomus appear to be the 
mostwidely distributed. Gigaspora and Sclerocystis spp. are more 
common in tropical soils. Acaulospora seems to be better adapted to 
soils with pH < 5.0. In fact, certain AM fungi have been linked to 
particular kinds of soil (Kendrick and Berch, 1985). 
AM fungi are presently included in the order Glomales of class 
Zygomycetes. This order includes the genera Glomus and Sclerocystis 
(Glomaceae); Acaulospora and Entrophospora (Acaulosporaceae) and 
Gigaspora and Scutellospora (Gigasporaceae) (Morton and Benny, 1990). 
Successful mycorrhizal formation depends on the presence of 
appropriate host, fungus and environment. Spores in the soil may 
germinate even in the absence of a suitable host, but usually in 
conditions that are also appropriate for plant seed germination and root 
growth (Powell, 1976; Daniel and Trappe, 1980). In the absence of a 
receptive host, the cytoplasm may be retracted from the germ tube, 
leading to the resumption of a quiescent state (Mosse, 1981). Such 
spores may retain the capacity to germinate on several subsequent 
occasions. However, germinating hyphae, in some cases, can retain 
their infectivity upto four months, thereby greatly enhancing the 
probability of finding a suitable host (Rovira and Bowen, 1966) 
The interaction of fungus and plant may begin well before the 
hypha and the root make physical contact. Germ tubes of Gigaspora 
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gigantea were attracted through air towards roots of bean or com, 
probably by volatile substances that were active over at least 10 mm 
(Koske, 1982). Germinating spores of Glomus mosseae liberated 
substances having the same kind of biological activity as gibberellins 
and cytokinins (Barea and Azcon-Aguilar, 1982). The sparasity or lack 
of infection in families like Chenopodiaceae, Brassicaceae, 
Caryophyllaceae etc. could be due to numerous reasons, ranging from a 
physical barrier of cell wall, to an absence of essential nutrients, to 
production of toxins by the plants. The case for lack of essential 
nutrients appears to be weak (Daniels, and Trappe, 1980). However, 
there are some evidences in favour of the toxin theory (Ocampo et al, 
1980; Powell, 1982; Harinikumar and Bagyaraj, 1988). The occurrence 
of a wide range of Sulphur compounds in Brassicaceae and of betalins 
in Chenopodiaceae, both of which have fungistatic activity, might be 
important (Bowen, 1987). 
The abundance and distribution of AM fungi have been studied 
by many workers (Anderson et al, 1984; Schmidt and Scow, 1986; 
Mohankumar etal, 1988; Kim etal, 1989; Rao et al, 1989; Hussain et 
al, 1995). Plant cover, AM spore abundaince, plant species richness and 
number of AM fungi represented as spores were positively correlated 
with each other and with per cent organic matter (Anderson et al, 
1984). Schmidt and Scow (1986) found that AM fungi were present to 
varying degrees in the roots of at least members of all plant 
communities studied. Mohankumar et al (1988) reported that most 
plants harboured AM fungi and that soil temperature and moisture 
status influenced the infection. Out of 103 plant species (41 families) 
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collected from two limestone sites in Korean republic, 98 species were 
associated with AM fungi (Kim et al, 1989). All the 25 medicinal plants 
observed by Rao et al. (1989) harboured AM fungi in their root system. 
High AM fungal infection was found in the roots of 14 hydrophytes 
studied by Hussain et al. (1995). 
A qualitative and quantative distribution of AM spores in soil 
samples from NE Indian habitats, viz, Assam, Arunachal Pradesh, 
Manipur, Mizoram and Nagaland, has been studied by 
Venkataramanan et al (1990). The highest numbers were observed in 
the plains of Assam, while hilly soils contained fewer spores, and those 
from Mizoram none. The most abundant species were Scutellospora 
nigra, Sclerocystis rubriformis, and Glomus macrocarpus. Sulochana et 
al. (1990) reported a total of 11 AM fungi belonging to the genera 
Acaulospora, Glomus and Gigaspora associated in both kharief and rabi 
season with six sesame cultivars and the association and colonization 
being greater in the kharief season. The density and frequency of 
occurrence of AM fungi were found to be greater in autumn than in 
spring (Peng and Shen, 1990). 40 out of 43 species of flowering plants 
examined by Kuhn et al. (1991) were heavily infected with AM fungi. 
Reyes and Ferrera (1992) observed that AM colonization levels are 
higher in herbs than in shrubs. AM spores were found to be more 
intensive in the rhizosphere of non-legumes than in legumes (Bhardwaj 
et al. 1997). They also observed that soil pH, total soil P, available P, 
type of soil, soil moisture, and cropping season influenced the AM 
population in natural ecosystems. Significant correlation between AM 
fungi and soil pH, moisture and P content has been observed by other 
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workers also (Rani and Manoharachaiy, 1994; Wetzel and Van-der-
Valls, 1996; Bhardwaj et al. 1997). AM colonization was observed to be 
lowest during winter and highest during late summer and autumn by 
Payaletal. (1994). 
AM fungi benefits to the host 
Much interest has been shown in arbuscular mycorrhizal fungi in 
commercial agriculture (Ferguson, 1984; Schenk, 1985). The interest 
stemmed from the published evidence which indicate that mycorrhizal 
fungi, which form symbiotic association with plant roots promote plant 
growth and health (Gerdemann, 1968; Harley, 1969; Tinker, 1975; 
Howeler et al, 1987; Lin-Xian and Hao, 1988; Raju et al, 1990). The 
use of AM fungi for crop productivity requires the selection of an 
efficient and appropriate fungus, and this aspect has been assessed by 
many workers (Jensen, 1982; Krishna et al, 1985). The agricultural 
importance of AMF is mainly due to their ability to increase phosphate 
uptake and other major and minor nutrients of crop plants (Mosse et 
al, 1973). 
The main hurdle in exploiting beneficial effects of AM fungi for 
improved agricultural productivity is the obligate nature of the 
symbiont. They can not be grown and cultured in the absence of their 
host plants. Mass multiplication of these fungi is still difficult, thus 
making them available for wide use in the field is not possible. At 
present, the use of AM is confined to greenhouse and pot culture 
studies, and to a limited extent in plant propagation nursuries 
(Rangaswami, 1990). Field trials conducted in India indicated that AM 
inoculation increased crop-yield significantly in 50 per cent of the trials 
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(Wani and Lee, 1992). Effect of AM fungi on various types of plants have 
been shown by various workers (Asif et a/., 1995; Kehri and Chandra, 
1990; Menge et ah, 1978; Plenchette et ah, 1981; Ragupathy and 
Mahadevan, 1993; Muhammed and Hussain, 1995). Dixon et al. (1997) 
observed that AM symbiont also increased drought tolerance of Prosopis 
plants in terms of maintaining and enhancing growth under water 
stress conditions. This study indicates the potential of AM to reduce 
partly /replace the fertilizer requirements of trees in degraded and 
semi-arid sites. 
Various workers have reported increase in growth and yield on 
inoculation with AM fungi (Koch et al, 1997; Owusu and Mosse, 1979; 
Kuo and Hung, 1982; Khan, 1975; Luis and Brown, 1986). An 18 per 
cent increase in onion bulb production was observed by PoweU and 
Bagyaraj (1982) on inoculation with AM fungi. Koch et al. (1997) 
observed that AM inoculated garlic plants were larger, had more green 
leaves and increased photosynthesis rate, especially at low light 
intensities, and higher fresh and dry weights than plants in 
uninoculated plots. Cereal growth was found to be promoted by AM 
fungi under field conditions. Phosphorus content in mycorrhizal root 
tissue of maize plants was increased 35 per cent by G. mosseae and 98 
per cent by G. fasciculatum. (Khan, 1975). Root infection by AM fungi 
significantly improved phosphorus uptake, translocation, and its 
subsequent transfer in host plant (Shnyrera and Kulaev, 1994). A 41.5 
per cent increase in yield of rice was observed on inoculation with 
Gigaspora gigantea (Sanni, 1976). AM rice varieties tested by Kehri and 
Chandra (1990) showed increased yield in response to AM inoculation. 
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Inoculation with Glomus versiforme increased the dry weight of 
Sorghum by 10-20 per cent (Singh and Tilak, 1990). Pigeonpea plants 
inoculated with AM fungi had higher shoot and root dry weight and 
phosphate content (Manjunath and Bagyaraj, 1984; Ramraj and 
Shanmugam, 1990). Shoot and root dry weights were observed to be 
promoted on inoculation with Glomus leptotrichum, G. macrocarpum, G. 
fasciculatum, Acaulosora laevis and Gigaspora margarita (Reddy and 
Bagyaraj, 1990). Ramraj and Shanmugam (1990) found Glomus 
etunicatum to be effective in increasing the shoot and root dry weight of 
cowpea. Kuo and Haung (1982) found highly significant increase (21 per 
cent) in grain yield of soybean with AM inoculation (Glomus spp.) in the 
stubble of newly harvested paddy rice. The result suggested that AMF 
inoculation might be important for the crops after paddy rice, where 
population of indigenous AM fungi have been depleted under an aerobic 
soil conditions. Significant response of soybean to inoculation with AM 
fungi in phosphate deficient soil has been reported by Raverkar and 
Tilak (1988) and Ross (1970). Shoot dry weight was found to be 
significantly higher in blackgram inoculated with G. fasciculatum, G. 
constrictum, G. versiforme and Acaulospora spp. (Umadevi and 
Sitaramaiah, 1990). 
Many workers have studied the utility of mycorrhizal application 
in horticultural crops (Menge et al, 1978; Onkarayya and Sukhada, 
1993; Plenchette et al, 1981; Sharma and Bhutani, 1995; Hughes et 
al, 1978). All these workers have reported beneficial effects of 
inoculation with AM fungi. Yield increase of 25 per cent /plant was 
observed in banana plants inoculated with G. mosseae and G. 
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fasciculatum (Mohandas, 1995). G. mosseae inoculated jack fruit plants 
were found to have higher plant height and fresh weight (Sivaprasad et 
at, 1995). All the four AM species used by Sundaram and Arangarsan 
(1995) viz, G. fasciculatum, G. mosseae, Gigaspora margarita and 
Acaulospora laevis, were found to increase yield of tomato. AM 
association also improved the quality attributes such as increase in 
percentage of vitamin C and total soluble sugar and enhance the 
productivity of plant (Selvaraj et ah, 1995). Hazarika and Phookan 
(1995) reported that Glomus aggregatum, G. mosseae and G. 
fasciculatum exhibited significant influence on growth and yield of chilli 
in nursery bed. Significant increase in dry weight of groundnut was 
observed on inoculation with AM fungi (Daft and El-Giahmi, 1976). 
Phosphate uptake, root and shoot growth and pod yield were observed 
to be stimulated on inoculation with AM fungi in chilli (Krishna and 
Bagyaraj, 1982; Joshi, 1995). 
Beneficial effects of AM fungi have also been observed in non-
host plants. Harinikumar et al (1990) found that in sunflower, 
inoculation with Acaulospora laevis resulted in maximum plant height 
and shoot dry weight. Charest et al. (1997) have suggested that 
establishment of AM-grass symbiosis could help in reducing fertilizer 
inputs. 
Mycorrhizal fungi enhance the absorption of nutrients by 
increasing the total surface area of the roots. Mycorrhizal infection can 
improve the phosphorus nutrition of the host. Absorbed phosphorus is 
probably converted into pol5T)hosphate granules in the external hyphae 
(Callow et al, 1978) and passed to the arbuscules for transfer to the 
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host (White and Brown, 1979). This flow of phosphorus occurs in the 
presence of acid phosphates (Gianinazzi et al, 1979) during arbuscular 
life span (Cox and Tinker, 1976) or senescence (Kinden and Brown, 
1975). The mycelial network in mycorrhizal plants enables them to 
extract phosphorus from places beyond the zone of low concentration 
around the roots (Jakobson et al, 1992). AMF also stimulate the plant 
uptake of zinc, copper, sulphur, potassium and calcium, although not 
as markedly as phosphorus (Cooper and Tinker, 1978). Mycorrhizal 
fungi trap organic and inorganic phosphorus sources in soil which are 
normally not available to non-mycorrhizal plants (Powell, 1979). Subtle 
changes occur in mycorrhizal roots and these changes may be of 
considerable consequences to host growth and nutrition. An increase in 
stele circumference induced by mycorrhizae would allow greater uptake 
and passage of water and nutrients to the vascular cylinder (MiUer et 
al, 1997). 
AMF play an important role in water economy of the plants and 
their association improves the hydraulic conductivity of the roots, 
thereby helping in better uptake of water by the plant. Improved water 
absorption resulted in better performance (Kehri and Chandra, 1989; 
1990). This is probably due to exploration of water in wider zones of soil 
by AMF hyphae (Safir et al, 1971; 1972). Mycorrhizal plants have 
shown better survival than non-mycorrhizal ones in extremely dry 
conditions (Allen et al, 1981). There's also evidence that 
endomycorrhizae directly affected the plant hormone level (Allen et al, 
1980; 1982). Production of phytohormones by Glomus mosseae has 
been reported by Barea and Azcon (1982). 
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Effect of fertilizer on host benefits by mycorrhizal fungi 
Mycorrhizal benefits are most obvious under low fertilizer input 
conditions that exist in developing countries (Miller et al., 1986; Crush, 
1995). Many researchers have shown that phosphatic fertilizer can 
reduce AM colonization. However, addition of phosphate fertilizer to soil 
very low in phosphate can increase per cent colonization of root system 
possibly through direct effect on AM fungus (Bolan et al, 1984). It's 
thought that phosphorus influences AM colonization by affecting 
concentrations of root carbohydrates (Jasper et at, 1979) or the amount 
of root exudate (Graham et al, 1982). The best indicator for identifying 
a soil tha t will provide good AM colonization appear to be the per 
centage of P in plants at the time of AM colonization (Jasper et al, 
1979). Recently, Sreenivasa and Bagyaraj (1989) reported that rock 
phosphate applied at 100 ppm P level resulted in more infective 
propagules of Glomus fasciculatum a s compared to bone meal and super 
phosphate fertilizer (Clarke and Mosse, 1981). Long term application of 
superphosphate (15 year of 150 kg P /ha /y r ) enhanced the population 
of arbuscular mycorrhizal endophytes that were little affected by 
subsequent addition of P (Porter et al, 1978). Irrespective of P level the 
AMF did not differ significantly in their capacity to infect the roots 
(Weber and Amorim, 1994; Fay et al, 1996). However, Khaliq et al 
(1997) found that VAM inoculation at three phosphorus application 
levels (3, 10 and 30 mg/kg) significantly suppressed maize seedling 
growth and phosphorus inhibition of mycorrihzal infection increased 
with increasing rates of application. Nadian et al (1996) reported that P 
uptake and growth of the plants decreased a s the bulk density of the 
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soil increased from 1.0 to 1.6 t/m^. The strongest effect of soil 
compaction on P uptake and plant growth was observed at the highest P 
application (60 mg/kg soil). At low P application (18 mg/kg soil), P 
uptake and shoot and root weight of the plants colonized by Glomus 
intraradices were greater than those of non-mycorrhizal plants at 
similar levels of soil compaction. However, the mycorrhizal growth 
response decreased proportionately as soil compaction increased. In a 
similar study, Araujo et al. (1996) recorded that tomato plant, at 60 mg 
P/kg soil, Glomus etunicatum enhanced growth rates, P accumulation 
rate and P utilization rates throughout the experiment. At 120 mg P/kg 
soil, G. etunicatum suppressed growth, P accumulation and P utilization 
rate at the early growth-stages and increased them at the latter stages. 
At 120 mg P/kg soil, P influx into mycorrhizal roots was probably 
limited by carbon supply. In maize, Beyene et al. (1996) found that root 
dry weight increases with increasing levels of P in both mycorrhizal and 
non-mycorrhizal treatments. Shoot dry weight increases upto 43.0 and 
64.5 mg P/kg soil inoculated and non-inoculated plants, respectively. 
Total uptake of P (as well as P concentrations in root and shoots) and K 
(shoot) was higher in mycorrhizal plants than that of non-inoculated 
plants at applied P levels. The root K concentrations of inoculated and 
non-inoculated plants did not vary when P was applied. In Trifolium 
subterraneum., Naidian et al. (1997) also observed that total P uptake 
and shoot dry weight of plants colonized by Glomus intraradices were 
significantly greater than those of non-mycorrhizal plants at all levels of 
soil compaction at both P applications. Wheat plant showed enhanced 
plant growth at both levels (50 and 100 ppm) of rock phosphate in 
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combination with G. mosseae, with increase in plant height, total dry 
weight of root and shoot, number of grains per ear and density of 
mycorrhizal colonization in roots. The nutrient content of host plants 
also increased significantly in rock-phosphate + VAM inoculated plants 
compared to control (Chhabra and Jalali, 1997). Goh et al. (1997) noted 
that vegetative dry matter accumulation of wheat increased by P 
addition and reduced by VAM infection. Both P addition and VAM 
infection increased grain yield. Zinc concentration and uptake was 
generally reduced by P additions and VAM infection. There was an 
absence of antagonistic effects of Zn additions on P concentration and 
uptake. In contrast, VAM infection had both positive and negative 
effects on P uptake depending on the growth stage and translocation of 
nutrients. 
Posta et al. (1997) reported that the positive effect of mycorrhizal 
inoculation on shoot growth decreased as P rate increased. For various 
soil volumes, the effect of mycorrhizal inoculation on the shoot mass 
increased as soil volume increased. In all cases, mycorrhizal plants had 
higher p contents. P application reduced the degree of root colonization 
and also the quantity of external hyphae. 
Balaz and Vasatka (1997) observed the reduced growth and 
enhancement of root respiration of mycorrhizal plants compared with 
non-mycorrhizal plants after 12 weeks. Root colonization was not 
influenced by increased P availability in contrast to extra-radical 
mycelium (ERM). The length of ERM hyphae both attached to the root 
surface and in the substrate were markedly decreased by increased P 
supply, irrespective of its form. 
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Efficacy of mycorrhizal fungi in nematode control 
There are numerous reports of adverse impact of AM fungi on 
nematodes (Atilano et al, 1981; Hussey and Rancadori, 1982; 
MacGuidwin et al, 1985; Babu and Suguna, 2000; Jothi and 
Sundrababu, 2002). In gram, cowpea and pigeonpea, low incidence of 
root-knot nematode in roots having high level of AM fungi was observed 
(Hasan and Jain, 1987). Presence of G. fasciculatum showed a profound 
adverse effect on cyst production and multiplication of Heterodera 
cajani (Jain and Sethi, 1987). Babu and Suguna (2000) observed higher 
fruit yield when Meloidogyne incognita infested tomato plants were 
treated with GZomus mosseae. An increase in growth parameters and 
nutrient status of brinjal plants, and a decrease in M. incognita 
population, was observed with an increase in spore densities of G. 
mosseae and G. fasciculatum (Jothi and Sundarababu, 2000). 
Chlamydospores of AMF have been detected in the cysts of soybean cyst 
nematode, Heterodera glycines (Willox and Tribe, 1974). Population of 
M. incognita on tomato, chilli and bhindi (Abelmoschus esculentus) was 
found to be suppressed by the AM fungus, G. mosseae (Babu and 
Suguna, 1998). The AM fungi Glomus mosseae, Glomus versiforme, and 
Gigaspora margarita inhibited the generation and development of M. 
incognita, decreased the number of second-stage juveniles in the root 
zone, egg mass diameter, number of eggs per egg mass, and number of 
eggs per gram root (HaiYan et al, 2002). However, high populations of 
endoparasitic nematodes and spores of endomycorrhizal fungi were 
found in a survey conducted by Hasan and Jain (1987) indicating that 
these nematodes do not effect the AM fungi and vice-versa. Glomus 
23 
epigaeus didn't show any adverse effect on cyst production and 
multiplication of Heterodera cajani (Jain and Sethi, 1987). 
The antagonistic effects of AMF on nematodes may be either 
physical or physiological in nature. The nematode control may be 
through improved plant vigour, physiological alteration of root 
exudates, or through direct role of mycorrhizae in retarding the 
development and reproduction of nematodes within root tissues. 
Despite a few exceptions, several studies report an antagonistic effect of 
mycorrhizal fungi on plant parasitic nematodes. Jothi and 
Sundarababu (2002) observed that the gall index (due to M. incognita) 
was less in Glomus mosseae treated brinjal (Solanum melongena) 
plants. Effect of AM fungus G. mosseae on nematode reproduction in 
tomato-Meloidogyne incognita and carrot-Pratylenchus penetrans 
pathosystems was studied by Talavera et al. (2001). In tomato, AMF 
inoculation reduced gall index by 33 per cent and final soil densities of 
M. incognita by 85 per cent. In carrot, P. penetrans soil density was 
reduced by 49 per cent. Sitaramaiah and Sikora (1980) found that G. 
mosseae increased the resistance of tomato plants to Rotylenchulus 
reniformis infection. Baltruschat et al. (1973) reported that 75 per cent 
fewer juveniles of M. incognita developed into adults when tobacco was 
infected with a mycorrhizal fungus. AMF can alter the physiology of 
root, including root exudates responsible for the chemotactic attraction 
of the nematode. Sikora (1978) suggested that attractiveness of the root 
system of M. incognita larvae was altered by the presence of G. mosseae. 
Several other studies observed, decreased larval penetration 
(Sitaramaiah and Sikora, 1981; MacGuidwin et al., 1985; Talavera et 
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atj 2001) and retarted nematode development in mycorrhizal 
roots. GZomus fasciculatum adversely affected Rotylenchulus reniformis 
during several phases of its life cycle (Sitaramaiah and Sikora, 1982). 
MacGuidwin et al. (1985) found that Meloidogyne hapla more readily 
penetrated non-mycorrhizal roots than mycorrhizal ones in onion. 
Similar results were obtained by Talavera et al. (2001) with 
Pratylenchus penetrans and carrot roots. Other workers (Atiliano et al, 
1981; Hussey and Roncadori, 1982) reported that mycorrhizae suppress 
the effect of nematode on the host plant. Growth suppression of lemon 
seedlings was reduced when plants were simultaneously infected with a 
mycorrhizal fungus and a plant parasitic nematode, Tylenchulus 
semipenetrans (CBannon et ah, 1979). M. incognita population on mint 
{Mentha arvensis) was found to be suppressed by G. mosseae (Ratti et 
al, 2000). Significant reduction in the severity of root-knot disease and 
population of M. incognita was recorded in Matricaria chamomilla plants 
treated with G. mosseae (Pandey et al, 2000). Several investigators 
(Atilano et al, 1981; Cason et al, 1983; Ronacadori and Hussey, 1977; 
Heald et al, 1989) have suggested that increased nutrient uptake by 
mycorrhizal fungi enhances plant tolerance. It has been found that 
presence of mycorrhizae may increase the tolerance of plants to 
diseases (Chandra and Kehri, 1996). The number of giant cells formed 
by the mycorrhizal plants was significantly low in tomato plants 
infected with root-knot nematode, M. incognita (Suresh et al, 1985). 
Suppression of plant parasitic nematodes by AM fungi is known 
to be more sustained and long lasting than with chemical nematicides. 
Sundarababu et al (2001) conducted experiments on chilli (Capsicum 
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annum) to compare the effectiveness of G. mosseae against Af. incognita 
with that of Carbofuran (2 per cent at 1.0 kg/ha). The results showed 
that although carbofuran caused a sudden and large reduction in the 
soil nematode population immediately after application, it did not give 
sustained suppression of nematodes as did by G. mosseae. In addition, 
seedlings treated with the AMF produced significantly higher yield than 
carbofuran and untreated control. Glomus, mosseae stimulated the 
growth of Citrus jambhiri seedlings, and partly neutralized the adverse 
effects of Tylenchulus semipenetrans in infected plants (Baghel et al. 
(1990). Sivaprasad et al. (1990) showed that pre-inoculation of Piper 
nigrum cv. Panniyur cuttings with Glomus fasciculatum or G. etunicatum 
reduced the root knot (caused by M. incognita) index by 32.4 and 36.0 
per cent, respectively; reduced nematode population in roots and 
surrounding soil; and significantly increased growth even in the 
absence of nematode. G. mosseae suppressed root galling and 
nematode buildup in the roots of micropropagated banana cv. Grand 
Naine (Jaizme-Vega et al, 1997). Sikora (1978) observed an alteration 
in the attractiveness of AMF infected tomato roots to M. incognita larvae. 
Larval penetration 72 hours after inoculation was 64 per cent less in 
mycorrhizal roots than in mycorrhizal-free roots. A negative relationship 
was observed between distribution of M. incognita galls and level of G. 
mosseae in different areas of the root-system. Nematode development in 
mycorrhizal plants was strongly retarted, the larvae being 63per cent 
and 27 per cent smaller after 8 and 16 days, respectively, than in the 
non-mycorrhizal plants. G/omus fasciculatum application in nursery 
beds helped the mycorrhizae to colonize the tomato roots before 
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transplantation to the main field, thereby preventing the penetration 
and development of nematode in the infected plants (Sundarababu and 
Sankaranarayanan, 1995). Organic amendments contribute positively 
to nematode suppression by AM fungi. In nursery beds, integration of 
G. mosseae with margosa cake significantly reduced M. incognita 
populations in soil and reduced root-galling, egg-mass production and 
fecundity, and produced vigour tomato seedlings with increased root-
colonization with G. mosseae (Reddy et at, 1998). Use of oil cakes 
(Margosa and castor at 15g/plant) with G. mosseae in pot experiments 
with Crossandra. undulaefolia reduced nematode multiplication rate, 
increased root colonization by the mycorrhiza and the number of 
mycorrhizal propagules (Nagesh and Reddy, 1997). 
Oliveira and Zambolin (1988) studied the effect of different levels 
of inoculum of G. etunicatum and M. javanica on Phaseolus vulgaris at 
the time of sowing. With increasing inoculum densities of nematodes, 
plant growth was reduced but there was no effect on mycorrhizal 
colonization or chlamydospore production by the fungus. The presence 
of G. etunicatum resulted in the reduction of nematode. Rotylenchulus 
reniformis significantly reduced the mycorrhizal root colonization by 
Glomus fasciculatum on cowpea though the values increased with 
increasing levels of G. fasciculatum (Lingaraju and Goswami, 1993). 
Kassab (1995) observed that level of inoculum, timing of invasion, 
habitable space, competition for nutrition, or physiological changes in 
roots, each singly or collectively play a role in suppressing the 
penetration and development of both organisms. Nematodes 
significantly retard mycorrhizal infection of susceptible cultivars of 
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alfalfa (Grandison and Cooper, 1986). The lack of mycorrhizae near 
nematode galls m^y account for reduction in total root colonization by 
G. intraradices (Heald et al, 1989). However, Kellam and Schenck 
(1980) found mycelia, arbuscules and vesicles of G. macrocarpus in 
hypertrophied tissue within galls. Presence of AM fungi in the roots of 
Ipomoea batata generally increased the population of Rotylenchulus 
reniformis and Criconemella sp. (Kassab and Taha, 1990). Population of 
a sedentary endoparasitic nematode (M. arenaria) in soil and root was 
significantly highpf in mycorrhizal than in non-mycorrhizal plants. The 
situation was reversed in migratory ectoparasite, Tylenchorhynchus sp. 
(Jain and Sethi, 1987). 
The potential role of mycorrhizal fungi as biocontrol agents for 
the control of nematode plant diseases has recieved considerable 
attention (Osman et al, 1990; Ahamed and Alsayeed, 1991; 
Sankaranarayanan and Sundarababu, 1994; Santhi and Sundarababu, 
1995a; Price et al, 1995). The damage due to nematode diseases is 
generally reduced in mycorrhizal plants (Carling et al, 1989; Osman et 
al, 1990; Price et al, 1995). In several studies AM fungi have shown an 
antagonistic influence on the population of plant parasitic nematodes 
(Bagyaraj et al, 1979; Saleh and Sikora, 1984; Cooper and Grandison, 
1986; Sitaramaiah and Sikora, 1982; Carling et al, 1989; Sivaprasad et 
al, 1990; Rao et al, 1992; Sankaranarayanan and Sundarababu, 1994; 
Reddy et al, 1998; Sundarababu et al, 2001; Jothi and Sundarababu, 
2002). Nematode susceptible plants colonized by AM fungi were better 
able to tolerate plant pathogenic nematodes (Kellam and Schenck, 
1980; Sitaramaiah and Sikora, 1982; Grandison and Cooper, 1986; 
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Diederichs, 1987; Jain and Sethi, 1989; Osman et al, 1990; 
Sankaranarayanan and Sundarababu, 1994). However, in some cases 
fungal colonization had no effect on nematode population (CBannon 
and Nemec, 1979; Cason etal, 1983; Grandison and Cooper, 1986). 
Role of fertilizer in nematode control 
Fertilizers have been reported to increase the growth of nematode 
infected plants. Reproduction of M. incognita and galls formed by it on 
papaya roots were significantly reduced by the application of N fertilizer 
(Khan and Khan, 1995). Akhtar et al. (1998) showed that application of 
NPK fertilizers induced a significant growth increase both in M. 
incognita inoculated and uninoculated plants. Ahmed et al. (1991) 
reported that N and P fertilizers reduced the population of M. incognita 
in soil and in root. N, P and K fertilizers were also found to suppress the 
pathogenic effect of M. incognita by Waecke and Wando (1993). 
Reduction in infection and multiplication of M. incognita can be 
attributed to the nematicidal potential of nitrogenous fertilizers 
(Rodriguez Kabana et al, 1981, 1982; Singh and Sitaramaiah, 1967; 
Sitaramaiah and Singh, 1969). In fact ammonical nitrogen has been 
reported to be detrimental to nematodes (Badra and Khattab, 1980; 
Upadyaya, 1969; Akhter et al, 1998). Phosphatic fertilizer had no effect 
on soyabean cyst nematode Heterodera glycines (Tylka et al, 1991). In 
cotton, Smith et al (1986a) noted that phosphorus fertilization 
increases 3deld losses due to M. incognita, increased nematode inoculum 
densities and nematode juveniles penetrating the seedling root. 
However, combined fertilizer treatments have been reported to suppress 
nematode multiplication and infection (Balogun and Babatola, 1990; 
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Waecke and Wando, 1993) and improve the growth of the host plant 
(Akhter et al, 1998), probably through improved host nutrition. 
Role of Pseudomonas fluorescens in growth promotion and 
nematode control 
Pseudomonas is a typically gram negative, chemoorganotrophic 
motile rod with polar flagella (Palleroni et at, 1973). It's a member of the 
family Pseudomonadaceae. Members of this family are characterised by 
the absence of sheaths of Prosthecae and by physiological properties 
such as nutrition of chejnoorganic type, a metabolism typically 
respiratory, absence of fermentation and photosynthesis and a capacity 
of growth at the expense of large variety of organic substances with the 
exception of 1-carbon compounds. They are active agents of 
mineralization of organic matter. They are also part of microflora 
responsible for food spoilage. The genus includes species pathogenic to 
man, domestic animals and cultivated plants. The genus has shown 
potential in producing antifungal compounds. 
Role of Pseudomonas in plant disease control and growth 
promotion was first studied during 1950s. Seed inoculation with these 
organisms increased plant growth and reduce disease development. 
Specific bacteria used as seed inoculants, colonized plant roots and 
increased plant growth (Kloepper and Schroth, 1981 a, Kloepper et at, 
1980; 1988). Many workers have reported usefulness of fluorescent 
pseudomonads in growth promotion and/or disease management 
(Schroth and Hamcock, 1981; Siddiqui et al, 2001; Shabaev and 
Smolin, 1999). 
30 
The positive effects of some members of the genus Pseudomonas on 
plaint growth promotion have attracted the attention of agronomists and 
microbiologists (Defago et al, 1990). Their plant growth promoting 
activity results from the contribution of different compounds acting 
either directly or indirectly on the plant. Indirect plant growth 
prom^otion is due to suppression of soil-borne plant parasites and 
deleterious rhizosphere microorganisms, whereas direct plant 
stimulation is mainly exerted by release of growth factors (Leisinger and 
Margraff, 1979; Schippers, 1988). Burr and Caesar (1984) had also 
reported that the enhanced plant growth resulting from the introduction 
of specific root-colonizing fluorescent pseudomonads into the 
rhizosphere is due to the production of some growth promoting 
substances in the rhizosphere. Application of fluorescent 
pseudomonads to seeds, seed pieces and roots has resulted in 
increased plant growth and 3deld. Significant increases in growth and 
yield of potato by 36.7 per cent were reported in greenhouse 
experiments by Burr et al. (1978) with specific Pseudomonas strains. 
Similar growth and yield increases have been observed in potato 
(Kloepper etal, 1980a; Geels etai, 1986). 
Due to application of Pseudomonas, potato yield increased from 5 
to 33per cent in field plots (Burr et al, 1978; Kloepper, 1980). The 
treatment of sugarbeet seeds with various strains of Pseudomonas spp. 
resulted in yield increase of 4-8 tonnes per hectare in six out of eight 
trials, with an increase in sugar production ranging from 955 to 1227 
kg/hectare (Suslow and Scroth, 1982). Khan and Khan (2001) reported 
an increase in plant growth and 5deld variables of tomato var. Pusa 
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Ruby plants on inoculation with P. fluorescens. Nandakumar et al. 
(2001) reported that P. fluorescens application as a bacterial suspension 
or a talc based formulation through seed, root, soil and foliar 
application (alone or in combination) promoted plant growth and 
ultimately increased yields under glasshouse or field conditions. Mishra 
and Sinha (2000) observed significant increase in seed germination, 
root length, shoot length and fresh weight of rice in the presence of P. 
fluorescens. 
Beneficial fluorescent pseudomonads can promote plant growth 
and induce disease suppressiveness by several mechanisms. These 
include siderophore production (Kloepper et aZ., 1980b), antibiotic 
production (Brisbane et al, 1987; Thomashow and weller, 1988) HCN 
production (Schippers, 1988) and by competition in soil and root 
colonization (Weller, 1988). 
Growth promotion by P. fluorescens may be due to the production 
of phytohormones like c3^okinins (Garcia de Salamone et al, 2001) or 
other factors like vitamins (Marek-Kazaczok and Skorupska, 2001). Pal 
et al (2001) observed that fluorescent pseudomonads exhibited lAA 
production, phosphate solubilization and siderophore production. These 
substances may play an important role in plant growth promotion by 
these bacteria. Solubilization of soil phosphorus and consequent 
enhancement in its availability to the plant is recognized as one of the 
primary benefits of fluorescent pseudomonads to the plants. 
Solubilization of iron by microbial siderophores has been reported to 
increase crop jdeld significantly (Glick, 1995). 
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Worldwide interest in Pseudomonas for its ability to control 
diseases was sparked off during 1970s (Burr et ah, 1978; Merriman et 
ah, 1974; Kloepper and Schroth, 1978). They have emerged the largest 
and potentially most promising group of PGPR which are also involved 
in biocontrol of plant diseases (Kloepper et al, 1988; Suslow, 1982). 
These bacteria are ideally suited as soil inoculants because of their 
rapid and aggressive root colonization. They have been frequently been 
considered as the biocontrol agent of root diseases of plants. Various 
workers have reported the suppressive effect of Pseudomonas 
fluorescens on Meloidogyne incognita (Siddiqui et al, 2003; Siddiqui and 
Mahmood, 2003; Khan and Akram, 2000; Eapen et al, 1996). 
Fluorescent pseudomonads produce a number of secondary metabolites 
that possess antimicrobial activity (Leisinger and Margraff, 1979). This 
bacterium has been reported to reduce galling by M. incognita on 
tomato, brinjal, mungbean and soybean (Siddiqui and Showkat, 2003). 
Number of galls as well as the number of eggs of M. incognita was found 
to be significantly reduced when P. fluorescens was used for seed 
treatment of tomato (Verma et al, 1999). Soil application of P. 
fluorescens in grapevine resulted in suppression of nematode 
multiplication (Shanthi etal, 1998). 
Pseudomonas spp. have been implicated in the biocontrol of 
damping off of cotton (Loper, 1988), tobacco black root-rot (Keel et al, 
1989), potato seed decay (Xu and Gross, 1986), several wilt diseases 
due to Fusarium spp. Siddiqui et al (2001) observed that Pseudomonas 
fluorescens improved tomato growth and reduced galling and 
multiplication of M. incognita. 
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SECTION - I 
SECTION I 
Status of arbuscular mycorrhizal fungi (AMF), characteristics of soil, 
spore population of AMF in soil and root colonization of some 
commonly cultivated crops in Aligarh District - survey 
Introduction 
Agricultural fields of Aligarh district were surveyed for qualitative 
and quantitative assessment of AM fungal colonization on some 
cultivated crops. Samples for this purpose were collected from four 
different sites under field conditions. Four sites viz., Sasni (A), Khair (B), 
Mehrawal (C) and Dhanipur (D) having some commonly cultivated crops 
like chickpea (Cicer arietinum L.), mungbean (Vigna radiata (L.) Wilczek), 
brinjal (Solanum melongena L.), tomato (Lycopersicon esculentum Mill), 
wheat (Triticum aestivum L.), chilli (Capsicum annum L.) and maize (Zea 
mays L.) were selected for study. 
The soils of the experimental sites were sandy loam and ihe 
characteristics of the soil are given in the Table 1. The temperature of the 
sites ranges from 17.4 to 35.8°C and relative humidity ranges from 64.5 
to 79.3% in a calendar year. All the sites are moderately rainfed and have 
satisfactory irrigational facilities with a soil moisture of 4.05 to 9.00%. 
Materials and methods 
Soil sampling and root sample collection 
Sampling was done for each crop separately from the respective 
fields at sites A, B, C and D in different months (chickpea - January 
2001; mungbean - April 2001; brinjal - July 2001; tomato - December 
2001; wheat - March 2001; chilli - May 2001 and maize - June 2001). 
Soil samples (soil cones of 5 cm diameter) were collected at random 
from each site with the help of soil auger upto a depth of 15 cm near the 
plant base. Forty such samples were collected for each plant species and 
were thoroughly mixed to make a composite sample. From this, seven 
samples of 100 g soil each were used for recovery of spores. 
Soil characteristics 
The soil samples were brought to laboratory, marked and packed 
in polythene bags and their electric conductivity EC and pH were 
measured in the extract collected from 1:1 soil/water suspension (w/v). 
EC was measured with Phillips Conductivity bridge (Jackson, 1973) and 
dip type cell. Soil pH was measured with pH meter (Jackson, 1973). The 
texture of soil in relation to particle size was determined by hydrometer 
method (Allen et al, 1974). Total organic carbon was estimated by the 
method given by Walkley and Black (1934); nitrogen by microkjeldahl 
method (Nelson and Sommers, 1972); phosphorus by molybdenum blue 
method (Allen et al, 1974); and potassium using flame photometer 
(Jackson, 1973). 
Quantitative estimation of spores from soil 
Spores of AM fungi were isolated by wet sieving and decanting 
method (Gerdeman and Nicolson, 1963). For this, a sample of 100 g dry 
soil was mixed in water (1000 ml) and the heavier particles were allowed 
to settle for few seconds. The liquid was poured through a coarse sieve to 
remove large pieces of organic matter. The liquid passed through this 
sieve was collected and again passed through a set of sieves of 80, 100, 
150, 250 and 400 mesh. Spores obtained on the sieves were collected 
with water in separate beakers. Spores in 1 ml of the suspension were 
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counted in nematode counting dish under stereoscopic microscope. Finsd 
number of spores/100 g soil was calculated accordingly for each crop. 
Assessment of colonization by AM fungi 
Clearing and staining (Phillips and Hayman, 1970) 
Roots were washed with tap water, cut into 1 cm long segments, 
and then boiled in 10% Potassium hydroxide (KOH) solution at 90oC for 
45 minutes. Potassium hydroxide solution was then poured off and roots 
were rinsed well in a beaker until no brown colour appeared in the rinsed 
water. Alkaline hydrogen peroxide (H2O2) used to bleach the roots was 
made by adding 3 ml of ammonium hydroxide (NH4OH) to 30 ml of 10% 
hydrogen peroxide and 567 ml of tap water. The roots were rinsed 
thoroughly at least three times using tap water to remove the hydrogen 
peroxide. Roots were then kept in 0.05% trypan blue (in lactophenol) for 
one hour. The specimens were then removed from trypan blue and kept 
overnight for destaining in a solution prepared with acetic acid 
(laboratory grade) - 875 ml, glycerine - 63 ml and distilled water - 62 ml. 
This resulted in the removal of cellular contents and stained the AM 
fungal structures dark blue. These stained root segments were used for 
determining root colonization by AM fungi. Per cent root colonization and 
per cent arbuscules were determined by slide method (Giovanetti and 
Mosse, 1980). Root segments were selected at random from the stained 
sample and mounted on microscopic slides in groups of ten. One 
hundred root segments from each sample were used for the assessment. 
The presence or absence of colonization in each root segment was 
recoraed and percent colonization was calculated as follows: 
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Isolated spores were identified with the help of keys provided by different 
workers (Trappe, 1982; Hall and Fish, 1979; Bakshi, 1974; Rani and 
Mukerji, 1988, and Srinivas et at, 1988). The data collected during this 
study were statistically analysed in simple randomized design by the 
method of Dospekhov (1979). Minimum difference required for 
significance (L.S.D) at 5% was calculated by ANOVA model given in 
appendix A. 
Standard devaition (S.D.) 
S.D. for each parameter were calculated by the following formula 
o p ^ ^ (X-X,)MX-X,)^+ (X-X„)^ 
• • • V n - 1 
Where, 
X = Mean of obervations 
Xi, X2, Xn = observations 
n = Number of observations 
Data presented in the tables are in the form of Mean ±S.D 
RESULTS 
Soils collected from the four sites were alkaline, with pH ranging 
from 7.7 at site D to 8.7 at site C and sandy loam in texture (Table 1). 
The electric conductivity was lowest at site D and highest at site C. 
Organic carbon and nitrogen (N) content of soil at site C was highest, 
followed by sites A, B and D. The phosphorus (P) and potassium (K) 
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Table 2: Overall frequency of occurrence of AM fungi at four different 
sites in the Aligarh district 
AM species A* B C D 
G. mosseae 32.98±1.9 36.92±2.3 34.12±2.0 33.76±1.9 
G. constrictum 25.5±2.9 28.70±2.0 27.58±1.5 33.68±2.1 
G. fasdculatum 12.3±2.1 10.36±1.9 12.74±1.3 11.30±1.8 
G. aggregatum 7.9±1.6 8.28±1.2 10.44±1.5 6.68±1.5 
A. scrobiculata 8.64±1.3 4.92±1.4 6.76±1.2 6.78±1.7 
G. gigantea 5.68±1.4 3.38±0.7 6.64±1.2 2.02±0.7 
L.S.D. a t 5 % 2.6 2.8 2.0 2.2 
Table 3 : Percent root colonization a t four different si tes in Aligarh 
district 
Crop A* B C D 
Chickpea 86±2 86±1 81±2 83±1 
Mungbean 67±2 63±2 85±1 61±2 
Brinjal 72±2 79±1 63±2 65±2 
Tomato 
Wheat 
Chilli 
Maize 
L.S.D.at 5% 
* A - Sasni 
C - Mehrawal 
Mean± S.D. 
73±2 
79±1 
87±2 
89±1 
2.3 
73±1 
91±2 
96±1 
91±3 
2.7 
B - Khair 
D - Dhanipur 
55±1 
68±1 
88±2 
91±2 
2.6 
66±2 
69±2 
90±2 
86±2 
2.6 
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Fig. 1. Overall frequency of occurrence of AM fungi at four different 
sites In Aligarh district 
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Fig. 2. Percent root colonization at four different sites in Aligarh 
district 
contents in the soils did not vary widely. Phosphorus content ranged 
between 7.2 and 8.4 kg/ha, the highest being at site C. Potassium 
content ranged from 92.3 to 97.2 kg/ha, with site B having the highest 
value (Table 1). 
The overall frequency of occurrence of AM fungi at all the four sites 
showed that Glomus mosseae spores were significantly more frequent 
than the other five species studied (fig.l). However, at site D, the 
frequency of occurrence of G. mosseae spores was similar to those of 
Glomus constrictum spores. At all sites, frequency of Glomus constrictum 
spores was significantly more than that of G. fasciculatum spores. Except 
at site B, G. fasciculatum spores were more frequent than those of 
Glomus aggregatum. Glomus gigantea had lower spore counts at all sites 
and it was at par with A. scrobiculata at sites B and C and significantly 
lower than A. scrobiculata at sites A and D (Table 2). 
The distribution of spores of the encountered species of AM fungi at 
various sites under different cultivated crops is given in fig.3-6. Soil from 
maize tlelds at sites A and C had significantly more spores than other 
crops. At sites B and D, the same was true of soils from chilli fields. 
Except at site C, soil collected from the fields of mungbean had the 
lowest spore value and it was at par with brinjal and tomato soils at site 
A (Table 4), with tomato soil at site B (Table 5), and with brinjal soil at 
site D (Table 7). At site C (Table 6), tomato soil had the lowest spore 
count which was at par with brinjal soil. The number of spores in these 
two soils was significantly lower than in the other soils. 
The variation between AM fungal species in spore number/100 g 
soil collected during the cultivation period of different crops was high. In 
38 
Table 4: Spore population of difTerent AM fungal species at Sassni (A) 
Crop Total 
spores/100 
g soil 
Number of spores 
Wheat 
ChiUi 
Maize 
Gm* Gc Gf Ga As Gg 
Chickpea 336±18.5 57±3.2 109±6.2 5±2.2 72±4.3 32±2.0 61±4.12 
Mungbean 285±20.4 65±2.8 111±4.1 59±2.0 3±i.5 5±1.5 42±3.8 
Brinjal 298±17.3 174±3.8 25±2.9 29±2.8 31±1.8 24±2.4 15±2.0 
Tomato 308±16.8 183±3.0 67±3.1 24±1.2 3±1.0 20±2.3 11±2.0 
332±22.5 107±3.7 73±4.8 94±3.7 9±1.8 42±3.3 7±1.2 
340±19.6 121±3.5 139±5.8 8±2.5 11±1.8 63±3.4 2±1.4 
365127.2 122±3.2 82±3.8 81±4.7 52±3.7 21±2.1 7±1.4 
L.S.D.at 
5% 
25 4.4 5.6 3.9 3.3 3.3 2.7 
Table 5: Spore population of difTerent AM fungal species at Khair (B) 
Crop Total spores/100 
g soil 
Number of spores 
Gm* Gc Gf Ga As Gg 
Chickpea 320x23.1 
Mungbean 280±30.2 
97±6.6 161±2.9 24±2.3 30±4.4 5±3.5 3±1.8 
115±4.5 77±3.3 28±2.3 55+7.4 3±1.2 2±2.3 
Brinjal 317127.5 134±5.0 90±4.0 44±2.1 43±6.6 4±3.3 2±2.0 
Tomato 302±20.1 74±4.5 70±1.8 75±2.3 4±2.4 40±4.3 39±5.9 
Wheat 
ChJUi 
Maize 
338±22.6 16612.4 5012.7 3412.0 212.3 4415.5 4115.2 
415132.2 18412.0 13612.5 911.5 44±3.3 4315.7 912.9 
350119.4 15713.1 13113.4 3011.5 1912.3 713.3 614.1 
L.S.D.at 
5% 
34 5.7 3.7 2.4 5.5 5.4 4.9 
* Gm - Glomus mosseae; Gc - G. constrictum; Gf - G. fasciculatum; Ga -
G. aggregatum; As - Acaulospora scrobiculattx; and, Gg - Gigaspora 
gigantea 
Mean! S.D. 
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general, the spore number of G. mosseae and G. constrictum was more 
than the other species. At site A (Table 4) the spore population of G. 
mosseae in soil collected from brinjal, tomato, wheat and maize soil was 
more than that of the other five species of AM fungi. In case of chickpea, 
mungbean and chilli soils, the spore population of G. constrictum was 
more than the other five species. At site B (Table 5), the spore population 
of G. mosseae in soil collected from mungbean, brinjal, wheat, chilli, 
tomato and maize fields was more than the other five species. In case of 
chickpea from the same site, G. constrictum. spores were more a b u n d a n t 
than those of the other five species (Table 5). At site C (Table 6) chickpea, 
tomato, wheat and chilli had more G. mosseae spores t han those of other 
species, while mungbean, brinjal and maize soils had more G. 
constrictum spores. At site D (Table 7) G. mosseae spores in brinjal, chilli 
and maize soils were the most abundan t while chickpea, mungbean, 
tomato and wheat soil had more G. constrictum.. 
In general, spore number of A. scrobiculata and G. gigantae were 
less than the other species. It was found that there was no definite 
relationship between crop and AM fungi a s the spore number in soils 
collected during different crop periods varied at different sites. But it was 
found that AM fungi preferred chilli and maize crops than the other crops 
studied, as the percent colonization was more in these crops at all sites 
(fig.2). Mungbean had the lowest colonization at site A, B and D, bu t at 
site C, the same was true of tomato (Table 3). 
Discussion 
In natural conditions most plants are associated with mycorrhizal 
fungi and the same result was also encountered in this study. The degree 
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Table6: Spore population of different AM fungal species at Mehrawal (C) 
Crop Total 
spores/100 
g soil Gm* 
Number of spores 
Gc Gf Ga As Gg 
Chickpea 196±18.8 115±2.9 35±2.2 25±1.8 9±2.2 8±2.0 4±1.8 
Mungbean 230±18.9 44±3.3 51±3.8 29±1.5 24±2.5 43±4.0 39±3.8 
Brinjal 175±19.5 45±2.2 57±3.8 22±1.5 17±1.5 19±1.0 15±2.4 
Tomato 163±19.8 94±1.8 40±3.2 10±1.0 9±1.5 7±1.8 3±1.5 
Wheat 
ChiUi 
Maize 
192±17.4 65±4.5 27±3.0 20±1.5 48±2.9 20±2.0 12±2.5 
234±15.0 90±4.3 80±2.9 30±1.8 12±2.2 15±2.7 7±0.7 
290±17.5 73±1.5 126±2.5 34±2.1 24±1.5 5±1.4 28±2.4 
L.S.D.at 
5% 
24 4.3 4.0 2.1 2.8 2.9 3.2 
Table 7: 
Crop 
Spore population 
Total 
spores/100 
g soil 
of different AM fungal species 
Gm* 
at Dhanipur 
Number of spores 
Gc Gf Ga As 
(D) 
Gg 
Chickpea 335±22.8 116±3.9 169±3.8 30±3.5 14±2.5 4±1.5 2±2.0 
Mungbean 248±18.6 72±3.1 90±3.8 40±3.3 40±6.3 3±1.2 3±3.0 
Brinjal 257±22.3 152±5.1 53±3.2 23±3.0 13±2.5 16±3.1 0 
Tomato 
Wheat 
312±22.7 64±4.3 95±6.5 54±3.7 36±6.8 61±7.6 2±1.2 
330±36.4 72±3.8 126±3.8 25±2.3 32±3.5 43±4.5 34±5.5 
ChiUi 388±25.1 150±2.4 144±3.0 59±3.9 10±2.0 20±4.3 5±2.3 
Maize 343±20.1 174±3.3 126±4.1 24±2.7 9±4.0 9±4.0 1±1.4 
L.S.D.at 
5% 
34 5.2 5.0 3.2 5.8 5.9 2.8 
* Gm - Glomus mosseae; Gc - G. constrictum; Gf - G. fasciculatum; Ga -
G. aggregatum; As - Acaulospora scrobiculata; and, Gg - Gigaspora 
gigantea 
Mean± S.D. 
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of AM formation varied with the host crop and soil conditions. Similar 
results were obtained by Muthukumar et al. (1996) who pointed out that 
AM fungal colonization varied considerably between different species. No 
definite relationship was observed between the edaphic factors and 
mycorrhizal development. Carvalho et al (2001) also reported that 
distribtion of mycorrhiza was more dependent on host plant species than 
on environmental conditions. Similar results have been reported by other 
workers (Talukdar and Germida, 1993 and Hafeel and Gunatillche, 
1988). 
Percent root colonization of roots and the total number of spores in 
the rhizosphere of crops grown at site C (55-91% and 163-290 
spores/100 g soil) was generally low as compared to other sites. AM 
colonization in roots was below 96 per cent in all the crops at B and D 
sites, whereas at site A and C it ranged from 63 to 89 per cent in all 
crops. The colonization increased gradually with an increase in the spore 
number. Due to the difference in pH and soil characteristics, the number 
of spores as well as root percent colonization varied, the highest being at 
site B. 
All the crops were colonized extensively by the AM fungi. No 
definite relationship between crop and AM fungi was observed as spore 
number in soils collected during different crop seasons varied at different 
sites, but AM fungi preffered chilli and maize crops than the others. In 
general the leguminous as well as the other crop species are mycorrhizal 
in nature (Mosse, 1976). Multiple infection was observed in all cultivated 
crops at all the four sites in this survey and the diversity in AM fungal 
spore types was high. Similar results were obtained by Khalil et al. (1992) 
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and Mosse (1973). Hayman and Storold (1979) and Padmavathi et al. 
(1991) also observed that spores belonging to more than one species of 
AM fungi are often found in agricultural soils. Dwivedi et al. (2003) also 
reported similar findings. The spores of only three genera were found in 
the sample collected from all the four sites in the present s tudy.but the 
level of colonization varied from site to site. Glomus was the 
predominant genus followed by Acaulospora and Gigaspora. Acaulospora 
and Glomus were found to be the dominant AM fungi by ZhiWei et al. 
(2001). Difference in the per cent colonization and sporulation of the 
same symbiont in association with different crops growing in similar 
environment may be attributed to the specificity of the symbiont to the 
crop. 
It h a s been reported that availability of the substrate in root 
(Schwab et al. 1983; Abott and Robson, 1985) and the various soil 
factors affect the production of external hyphae. Complex environmental 
factors, seasonal fluctuations, agricultural practices, and the other soil 
microflora may also influence the development of AM fungi. 
AM fungi are widespread in occurrence and due to their potential 
for crop improvement they have been investigated extensively (Mukerji, 
1995; Mukerji and Dixon, 1992 and Powell and Bagyaraj, 1982). Natural 
occurrence and predominance of Glomus, Acaulospora and Gigaspora in 
the cultivated soils at all the four sites indicates that there is need for 
maintaining them in cultivated soils through proper management . They 
may be utilized as biofertilizer and biocontrol agents. 
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Summary 
A study was conducted to assess the arbuscular mycorrhizal fungal 
(AMF) spore population and per cent root colonization in commonly 
cultivated crops of Aligarh district. Edaphic characteristics of rhizosphere 
soil from these localities were also studied. Crops commonly cultivated in 
Aligarh district like chickpea, mungbean, brinjal, tomato, wheat, chilli 
and maize were examined for their AM s ta tus . Six species of AM fungi 
belonging to three genera viz., Glomus (4 species), Acaulospora (1 species) 
and Gigaspora (1 species) were found to be associated with these crops. 
Glomus was the predominant genus and showed high frequency of 
occurrence at all the sites investigated. High values of per cent 
colonization were observed (above 70 per cent in majority of the cases). 
There was no definite relationship between cultivated crops and the AM 
fungi, a s the spore number in soil obtained from rhizosphere of p lants 
during different crops varied at different sites but AM fungi preferred 
chilli and maize crops. No definite relationship was observed between 
mycorrhizal infection and the prevalent edaphic factors. The result of this 
study emphasize the need to assess the s ta tus of arbuscular mycorrhizal 
association of crop plants from different micro-ecosystems to unders tand 
their mycorrhizal s ta tus . 
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SECTION - II 
SECTION II 
Screening of arbuscular mycorrhizal fungi (AMF) for the selection 
of the most efilcient AMP inoculant for tomato var. Pusa Ruby 
Introduction 
Though association with AM fungi is known to improve nutrient 
uptake by plants and resistance or tolerance to drought and root 
pathogens (Singh, 1994; Mosse, 1973; Powell et al, 1980). AM fungi 
vary in their physiological interaction with different hosts and hence the 
efficiency of the association depends both on the plant species as well 
as the AM fungus (Powell et al, 1980). Thus AMF differ in their ability 
to promote the growth of a particular host ( Carling and Brown, 1980; 
Krishna and Dart, 1984; Haripriya and Sekharan, 2002).This has led to 
the introduction of the concept of 'efficient' or 'effective strains' (Abbott 
and Robson, 1981). Generally, those fungi that infest and colonize the 
root system more rapidly are considered efficient (Munns and Mosse, 
1980). The usefulness of mycorrhizae is especially appropriate in the 
development of sustainable systems of agriculture (Mosse, 1986) so as 
to produce the desirable effect of improving plant growth and inducing 
resistance to pathogen in given environmental conditions (Bali et at, 
1987). The information to select efficient AM fungi for inoculating 
tomato var. Pusa Ruby to achieve better growth and drought resistance 
is still meagre. Hence, there is a need to identify specific host 
endomycorrhizal associations and to define conditions under which 
these associations function efficiently. The present study is a step 
towards the identification of efficient AM fungi for tomato crop. 
Materials and methods 
Production of AM fungal inoculum 
Collection of soil sample 
Morphologically different types of spores recovered from the 
rhizosphere soils were collected separately. In order to collect spores of 
AM fungi from each site, fifty soil samples were collected from the crop 
fields in Aligarh and adjoining areas with the help of soil auger upto a 
depth of 15 cm from the rhizosphere of the plants. 
Isolation of spores 
Spores of AM fungi present in the soil samples were isolated by wet 
sieving and decanting method (Gerdemann and Nicolson, 1963). Each 
sample of 100 g dry soil was taken in 1000 ml of water, thoroughly 
shaken and left for a minute to let the heavier particles settle down. The 
soil solution was first passed through coarse sieve and then decanted 
on to a series of sieves of varied pore size i.e. 80, 150, 250 and 300 
mesh. The spores obtained on sieves were collected with water in 
separate beakers. The spore suspensions were repeatedly washed with 
Ringers' solution (NaCl 6gl ^ Kcl O.lgl-^ and CaCl2 O.lgl-^ in distilled 
water of pH 7.4) in order to remove the adherent soil particles from the 
spores. The following species were found to be of common occurrence in 
the agricultural fields of Aligarh district: 
Glomus mosseae 
Glo mus fascicu latum 
Glomus aggregatum 
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Glomus constrictum 
Acaulospora scrobiculata and, 
Gigaspora gigantea. 
All the above mentioned species were evaluated for their potential as 
effective AM inoculant for tomato (var. Pusa Ruby). The spores of AM 
fungi were identified under a dissecting microscope with the help of 
synoptic keys suggested by Trappe (1982). The spores of AM fungal 
species were separated by picking and used for pot culture. Spores were 
separated with a microspatula and picked u p by a Pasteur pipette fitted 
with rubber bulb. These tools were surface sterilized for two minutes in 
a solution containing chloroamine T 20 gl-i, Streptomycin 300 mgl-^ and 
Tween 80 in trace amount / l i t re of distilled water. 
Maintenance of AM fungal culture 
Pure culture of six AM fungi viz. Glomus mosseae Gerde. and 
Trappe (Nicol and Gerd); Glomus fasciculatum (Thaxter sensu Gerd); 
Glomus aggregatum (Schenck and Smith emend Koske); Glomus 
constrictum (Trappe); Acaulospora scrobiculata (Trappe); Gigaspora 
gigantea Nicol. and Gerd (Gerdmann and Trappe), collected during the 
survey (Section I) were raised on maize (Zea mays) grown in pots under 
glasshouse conditions. To raise maize, seeds were surface sterilized with 
0 .1% solution of mercuric chloride (HgCb) and sown (5 seeds per pot) in 
9 cm diameter clay pots, containing sterilized soil (66% sand, 24% silt, 
8% clay, OM 2%, pH 7.5). Fifty spores of each AM fungal species per pot 
were layered at 6 and 2 cm depths in 50 clay pots. Thinning was done 
so as to maintain one seedling per pot. After 125 days, the plants were 
uprooted and the spores were isolated by wet sieving and decanting 
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method from the pot soil and the roots were stained and exemiined for 
AM colonization. The spores, hyphal fragments and small plant root 
segments were then used for further experiments. The population of 
different AM fungi in the inoculum was assessed by the most probable 
number method (Porter, 1979). 
Inoculation with AM fungi 
In order to select efficient AM inoculant for tomato, the AM fungi 
recovered form agricultural fields were evaluated for their efficiency in 
improving the performance of the crop (tomato var. Pusa Ruby). The 
following AM fungi were used in the experiment: Glomus mosseae, G. 
fasciculatum, G. aggregatum, G. constrictum, Acaulospora scrobiculata 
and Gigaspora gigantea. 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (25 cm 
diameter) from seeds surface sterilized with 0.01% mercuric chloride. 
The surface sterilized seeds were sown in pots filled with autoclaved 
sandy loam soil (66% sand; 24% silt; 8% clay; 2% OM, pH 7.7) and one-
week-old seedling were transplanted in 15 cm diameter clay pots. Each 
pot filled with 920 g sterilized soil; 80g soil with AM inoculum was 
added later to make the amount of soil 1kg per pot. Before 
transplanting the seedlings, the mycorrhizal inoculum of different AM 
fungi was separately placed below the seedlings by the layering method 
(Menge et al, 1977). The inoculum was spread as a layer at a depth of 
3-5 cm in the pot at the time of planting. The inoculum consisted of a 
mixture of infected root segments and soil with extramatrical hyphae 
and spores (1000 spores/pot) from cultures of different AM fungi 
maintained on maize [Zea mays). The seedlings were recovered with a 
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layer of soil to ensure the development of an efficient host fungus 
association. For each treatment 5 replicates were maintained. A control 
series was also maintained wherein no inoculum of AM fungi was added 
to the soil. Pots were watered appropriately and maintained in a glass 
house with air temperature ranging from 30 ± 2°C. 
The plants were examined 60 days after transplantat ion for 
determining plant growth, mycorrhization and nutr ient s ta tus of the 
plants. The samples of roots and soils were processed a s described 
earlier in Section I. Mycorrhization was recorded in te rms of mycorrhizal 
intensity in roots i.e., external colonization percentage, internal 
colonization percentage, average number of chlamydospores in 1 cm 
root segment and number of spores recovered from lOOg dry 
rhizosphere soil. All the data were analyzed statistically by the method 
of Dospekhov (1979). Minimum difference required for significance 
(L.S.D.) at 5% level was calculated by the ANOVA model given in 
appendix B. 
The performance of the crop raised with added inoculum of selected 
AM fungal species was compared with that of control and the AM 
fungus causing maximum improvement in the performance over control 
was selected, a s efficient AM inoculant for the tomato var. Pusa Ruby. 
Parameters studied 
The following parametes were determined for each treatment of the 
experiment: 
Shoot and root length; 
Fresh and dry weight of shoot and root; 
Percent nitrogeri, phosphorus and potassium content of plant; 
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Mycorrhization in te rms of external colonization percentage, 
internal colonization percentage, average number of spores in one 
cm root segment, and number of spores recovered from 100 g dry 
rhizosphere soil. 
Plant growth parameters 
Length, fresh weight and dry weight of shoots and roots were 
recorded for each treatment. Plants of each treatment were taken out 
from the pots and soil particles adhering to roots were removed by 
washing in tap water and labelled properly. In the laboratory, shoot and 
root lengths were measured with a measuring tape and fresh weights of 
shoot and root were determined with the help of physical balance. For 
determining dry weights, p lants from each treatment were wrapped in 
blotting paper sheets, labelled, and then dried in a hot air oven at 60°C 
for 24-48 hours before weighing. 
Root colonization and spore est imation 
At the tennination of the experiment root colonization in terms of 
per cent external and internal colonization, per cent arbuscules, 
average number of spores in one cm root segment and estimation of 
spores (in 100 g rhizosphere soil) in the same soil samples were used for 
the assessment of root colonization, a s described in section 1. 
Nutrient status 
Plant samples from each treatment were processed for estimating 
nitrogen (N), phosphorus (P) and potassium (K) contents of leaves. For 
this, the samples were first dried in an oven at 80°C for 24 hours . The 
dried material was powdered and the powder was passed through a 
sieve of 72 mesh. 
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Digestion of powder 
The powder so obtained was digested according to the method 
given by Lindner (1944). 100 mg of the powder from each treatment was 
transferred separately in 50 ml Kjeldahl flask, then 2 ml of pure 
sulphuric acid was added and the flask was heated on Kjeldahl 
assembly for about 2 hours, till dense fumes were given off and the 
contents turned black. After cooling for 15 minutes, 0.5 ml of pure 30% 
hydrogen peroxide was added drop by drop and this procedure was 
repeated till a clear solution was obtained. The aliquot so obtained was 
transferred to a 100 ml volumetric flask, with 3-4 washings, and the 
volume was made upto capacity. This was used for estimating nitrogen, 
phosphorus and potassium in plant material. 
Estimation of nitrogen 
Nitrogen was estimated by the method of Lindner (1944) 
A 10 ml of aliquot (obtained as described above) was 
transferred to 100 ml volumetric flask to which 2 ml of 2.5 N sodium 
hydroxide was added so as to neutralize the excess of acid. 1 ml of 10% 
sodium silicate was added to prevent turbidity. The volume was made 
upto capacity with double distilled water (DDW). 5 ml of aliquot so 
treated was taken in 10 ml test tube, followed by addition of 0.5 ml 
Nesseler's reagent with shaking and volume was made upto capacity 
with DDW. After waiting for 5 minutes to develop the colour, the optical 
density of the solution was determined at 525 nm on spectophotometer. 
A blank was prepared by adding 0.5ml of Nesseler's reagent, 2ml of 
2.5N NaOH, and 1ml of 10% sodium silicate in a 10ml graduated test 
tube and the final volume was made by adding 6.5ml of DDW. 
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Nitrogen standard curve 
A standard curve was prepared by taking 25mg of ammonium 
sulphate in a 500ml of volumetric flask and volume was made with 
DDW. From this solution 0 .1 , 0.2, 0.3, 1.0 ml was taken by 
pipette and poured into the 10 test tubes . These were then diluted upto 
5 ml. Thereafter 0.5 ml of Nesseler's reagent was added, a yellow colour 
was developed in a few minutes . The solution of a s tandard and sample 
were read using spectophotometer. Each solution was transferred in a 
spectophotometer tube and absorbance was read at 525nm. 
A calibration curve was plotted with optical density on X- axis and 
known concentration of ammonium sulphate on Y- axis and the 
nitrogen was expressed in terms of percentage on dry weight bases. 
Estimation of phosphorus 
Phosphorus content was estimated by the method of Fiske and 
Subba Row (1925). 
A 5ml of aliquot of digested plant material was taken in 10 test 
tubes . After that 1 rnl of ammonium molybdic acid v/as added, with 
shaking, followed by addition of 0.4 ml of 1-amino, 2-nepthol, 4-
sulphonic acid. The colour turned blue and the volume was made upto 
10 ml with DDW. The solution was shaken for 5 minutes and then 
transferred to a calorimetric tube to observe the optical density on 
spectophotometer at 625nm 
Simultaneously a blank prepared by taking 8.6ml of DDW +lml 
molybdic acid and 0.4ml of l-amino-2 nephthol- 4- sulphonic acid was 
run with each set of determination 
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Phosphorus standard curve 
A s tandard solution was prepared by dissolving 350 mg of 
KH2PO4 in 500 ml of DDW to which 10ml of ION sulphuric acid was 
added and the final volume was made upto 1000 ml with DDW. From 
this stock solution different concentration ranging from 0 .1 , 0.2, 0.3, 
— 1.0 ml concentration was taken in 10 different test tubes. In each 
test tube 1 ml of molybdic acid and 0.4 ml of l-amino-2 nephthol- 4-
sulphonic acid was added. After 5 minutes optical density was read at 
625nm on spectophotometer. A s tandard curve was prepared using 
different dilutions of KH2PO4 and optical density. With the help of this 
s tandard curve , the phosphorus content in terms of percentage was 
determined 
Estimation of potassium 
Potassium content was estimated flame photometerically. A 10 ml 
of peroxide digested material was taken to read potassium content. A 
blank (distilled water) was also set for determination 
Potassium standard curve 
For preparation of s tandard curve, 1.91 g of KCl was diluted to 1 
litre. The resulting solution was 10 ppm of K. From this solution 1 ,2 , 
3, 10 ml solution was transferred to different plastic vials 
respectively. The solution in each vial was diluted upto 10 ml with the 
help of DDW. The diluted solution of each vial should be run separately. 
A blank (DW) was also run with each set of determination. The reading 
were compared with the calibration curve plotted with the help of 
known dilutions of potassium chloride solution. The potassium was 
expressed in percentage on a dry weight bases. 
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Results 
Plant length 
The effect of different AM fungi on plant length was examined in 
terms of shoot, root and total length of the tomato plants (Table 8). 
Maximum enhancement in shoot length was caused by G. mosseae 
(48.3%) followed by G. fasciculatum and G. constrictum. Inoculation with 
G. aggregatum also resulted in increased shoot length, but it was 
significantly less than that caused by the other three species of Glomus. 
A. scrobiculata and G. gigantea failed to cause a significant increase in 
shoot length (Fig. 7). 
As compared to the uninoculated control, G. mosseae, G. 
fasciculatum, G. constrictum and Gigaspora gigantea resulted in 
significantiy higher root length ( 27.8%, 18.2%, 22.5% and 17.7%). 
However, G. aggregatum and A. scrobiculata failed to cause any 
significant increase in root length (Fig. 8). 
Maximum enhancement in plant length was observed in plants 
inoculated with G. mosseae (41%). G. fasciculatum and G. constrictum 
caused similar increase in plant length, but was lesser than that caused 
by G. mosseae. They were followed by G. aggregatum. Length of plants 
inoculated with A. scrobiculata and G. gigantea did not differ 
significantly from the uninoculated control (Fig. 9). 
Fresh weight 
Inoculation of plants with different AM species caused a significant 
increase in shoot fresh weight as compared to the uninoculated control 
(Fig. 10). Maximum enhancement m shoot fresh weight was caused by 
G. mosseae (47.8%). Inoculation with G. constrictum, G. fasciculatum, G. 
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Table 8: Effect of difierent arbuscular mycorrhizal (AM) fungi on 
shoot ,root and plant length of tomato var. Pusa Ruby 
Treatment Shoot length Root length Plant length 
(cm) (cm) (cm) 
Control 
G. mosseae 
G. fasciculatum 
G. ftggregtxtum 
G. constrictum 
A. scrobiculata 
G.gigantea 
37.0±2.2 
54.9±3.1 
51.3±1.8 
41.2±2.4 
48.0±1.9 
38.0±1.9 
37.8±1.2 
20.8±2.0 
26.6±2.0 
24.6±1.9 
22.7±1.9 
25.5±1.3 
22.7±1.1 
24.5±2.2 
57.8±4.3 
81.5±4.5 
75.913.6 
63.9±4.2 
73.513.2 
60.713.0 
62.313.4 
L.S.D. at 5% 3.0 2.5 5.2 
Table 9: Effect of different arbuscular mycorrhizal (AM) fimgi on 
shoot ,root and plant fresh weight of tomato var. Pusa Ruby 
Treatment Shoot firesh Root firesh Plant fresh 
weight(3m) weight(gm) weight(gm) 
Control 
G. mossecte 
G. fasciculatum 
G. aggregatum 
G. constrictum 
A. scrobiculata 
G.gigantea 
27.811.6 
41.111.7 
35.312.2 
32.711.7 
37.712.1 
30.911.8 
33.211.9 
9.510.8 
14.811.3 
11.510.8 
10.211.0 
10.610.9 
12.110.3 
10.710.7 
37.312.5 
55.912.9 
46.813.0 
42.912.8 
48.313.0 
43.012.1 
43.912.6 
L.S.D. at 5% 2.8 1.1 3.4 
Meanl S.D 
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Fig. 12 Effect of different AIM fungi on plant fresh weight of tomato 
gigantea, G. aggregatum and A. scrobiculata also resulted in 
significantly higher shoot fresh weight (Table 9). 
Inoculation with G. fasciculatum, G. constrictum, G. gigantea and A. 
scrobiculata caused significant increase in root ft-esh weight. Maximum 
increase was, however, observed in plants inoculated with G. mosseae 
(55.7%). Only G aggregatum failed to cause any significant increase in 
root fresh weight (Table 9). 
Inoculation of plants with different AM species caused a significant 
increase in plant fresh weight compared to uninoculated control. 
Maximum enhancement was caused by G. mosseae (49.8%). G. 
fasciculatum and G. constrictum caused almost a similar increase in 
plant fresh weight. A. scrobiculata, G. gigantea and G. aggregatum also 
resulted in significant increase in plant fresh weight, bu t it was less 
than that in plants inoculated with G. fasciculatum and G. 
constnctum(Table 9). 
Dry weight 
Increase in shoot dry weight was observed only with G. mosseae 
(40.5%) followed by G. constrictum (24.7%). The other four AM fungal 
inoculants failed to increase shoot dry weight significantly (Table 10). 
Inoculation with G. aggregatum and A. scrobiculata failed to cause a 
significant increase in root dry weight. G. mosseae, G. fasciculatum, G. 
constrictum and G. gigantea caused statistically similar and significant 
increase in root dry weight (Table 10). 
G. mosseae, G. fasciculatum sind G. constrictum were the only inoculants 
that resulted in significant enhancement in plant dry weight. Maximum 
enhancement was caused by G. mosseae (50.0%). G. aggregatum, A. 
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Table 10: Effect of different arbuscular mycorrhizal (AM) fungi on 
shoot ,root and plant dry weight of tomato var. Pusa Ruby 
Treatment 
Control 
G. mosseae 
G. fasciculatum 
G. aggregatum 
G. constrictum 
A. scrobiculata 
G.gigantea 
L.S.D. at 5% 
Shoot dry 
weight(^m) 
10.1±1.2 
14.210.6 
11.3±1.2 
10.3±1.2 
12.6±1.2 
10.5±0.6 
10.211.2 
1.4 
Root dry 
we ight (^ ) 
2.110.5 
4.110.9 
3.510.5 
2.310.8 
3.610.4 
2.310.7 
3.510.8 
0.9 
Plant dry 
weightt^m) 
12.211.7 
18.311.4 
14.811.8 
12.612.0 
16.211.7 
12.811.3 
13.712.0 
2.3 
Table 11: Effect of different arbuscular mycorrhizal (AM) fiingi on 
nitrogen, phosphorus and potassium content of tomato 
Treatment Nitrogen Phosphorus Potassium 
(%) (%) (%) 
Control 2.0010.24 0.30710.004 1.3310.35 
G. mosseae 2.5910.10 0.37910.010 2.1110.06 
G. fasciculatum 
G. aggregatum. 
G, constrictum. 
2.2810.21 0.30210.003 1.8410.04 
2.1310.21 0.33510.026 1.640.0.06 
2.3610.04 0.36410.006 1.8910.05 
A. scrobitnilata 
G.gigantea 
L.S.D. at 5% 
2.0110.04 0.33710.005 1.3710.03 
2.1010.16 0.31.610.007 1.4510.03 
0.19 0.015 0.18 
Meanl S.D 
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scrobiculata and G. gigantea inoculation resulted in plant dry weight 
statistically similar to the uninoculated control (Table 10). 
Nutrient status 
Inoculation with G. aggregatum, A. scrobiculata and G. gigantea 
failed to enhance the nitrogen content of plants. G. mosseae caused 
maximum increase (29.5%) in nitrogen content followed by G. 
constrictum and G. fasciculatum (Table 11). 
The phosphorus content of the plants inoculated with G. mosseae 
was the highest (23.4%), followed by G. constrictum. inoculated plants. 
Phosphorus content of p lants treated with G. aggregatum and A. 
scrobiculata was similar bu t was significantiy lower than those 
inoculated with G. mosseae and G. constrictum^ No signficant difference 
was recorded in phosphorus contents of the plants treated with G. 
fasciculatum and G. gigantea and those of the uninoculated control 
(Fig. 17). 
The potassium content of plants inoculated with G. m.osseae was 
the highest (58.6'/»), followed by G. constrictum and G. fasciculatum. 
Potassium content of plants inoculated with G. aggregatum was 
significantly lower than that of p lants inoculated with the other three 
species of Glomus. Inoculation with A. scrobiculata and G. gigantea 
failed to cause any significant increase in potassium content (Table 11). 
Mycorrhization 
Five parameters (as given in Table 12) were used for estimating 
mycorrhization. 
The number of chlamydospores per cm root segment showed wide 
variation among different species. Lowest chlamydospore levels were 
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Fg. 23 Number of chlamydospres recovered from 100 g rhizosphere 
soil of tomato plants inoculated with different AM fungi 
observed in plants inoculated with G. gigantea, G. aggregatum and A. 
scrobiculata. Highest values were observed for G. mosseae, G. 
fasciculatum and G. constrictum (Fig. 19). 
Internal colonization percentage was highest in G. fasciculatum and 
lowest in G. gigantea inoculated plants. Inoculation with other AM 
species showed internal colonization values intermediate between these 
two. Similar trend was observed for percent arbuscules. External 
colonization values and the number of chlamydospores/100 g 
rhizosphere soil was highest in G. mosseae inoculated plants. 
Inoculation with other species resulted in lower values for these 
parameter (Fig. 20-23). 
Discussion 
The usefulness of AM fungi is demonstrated by the enhanced values 
of plant growth parameters. Enhanced plant growth and yield resulting 
from the use of AM fungi has been reported by many workers (Jothi and 
Sundarababu, 2000; Gerdemann, 1968; Tinker, 1975; Raju et al, 
1990). Fresh and dry weights of AMF inoculated plants were observed to 
be higher compared to the control. Enhanced shoot and root dry 
weights in mycorrhizal plants have been reported by many workers 
(Reddy and Bagyaraj, 1990; Manjunath and Bagyaraj, 1984; Ramraj 
and Shanmugam, 1990). AM fungi differ considerably in their ability to 
promote plant growth. Various workers have reported similar variation 
in the growth promoting efficiency of different AM fungi (Carling and 
Brown, 1980; Krishna and Dart, 1984). Better plant growth in AM 
infected plants could be due to enhanced nutrient contents of the plant. 
Enhanced absorption and accumulation of several.Qiii£i^iigBSUch as N, 
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P, K, Zn, Mn, Fe, Ca and S in mycorrhizal plants has been reported by 
many workers (Bowen et al, 1975; Powell, 1975; Selvaraj et al, 1986 
and Dhillon, 1992). AM fungi also enhance the concentration of 
different organic compounds in roots and can improve the productivity 
of host plants (Selvaraj et al, 1995). Glomus mosseae was found to be 
the most effective AM fungus in enhancing the growth of tomato var. 
Pusa Ruby under glasshouse conditions. Differential ability of AM fungi 
in promoting plant growth has been reported by many workers 
(Haripriya and Sekharan, 2002; Estaum, et al 2003). Sundaram and 
Arangarasum (1995) reported that out of four cultures of AM fungi, 
Glomus fasciculatum gave the highest fruit yield in tomato plants. 
Bagyaraj et al. (1989) reported that different strains of AM fungi differ in 
their capability to increase nutrient uptake and plant growth and 
therefore there is need for selecting the efficient ones. 
N, P and K content of mycorrhizal plants was higher compared to 
control. Increased absorption of mineral nutrients, primarily 
phosphorus, has been reported in many cases (Powell, 1979; Cooper 
and Tinker, 1978). It has been established by Rhodes and Gerdemann 
(1975) that the mycorrhizal plants can exploit several times the volume 
of soil available to a non-mycorrhizal plant, and achieve more active 
translocation of minerals along the extramatrical hyphae compared to 
the non-mycorrhizal ones. Effectiveness of an AM fungus has been 
correlated with its ability to produce more external hyphae (Schiltema 
et al, 1985) as the digestion of arbuscules could not provide the plant 
with more than 0.065 per cent of the phosphorus that enters the 
mycorrhizae (Sander and Tinker, 1973 and Cox and Tinker, 1976). 
56 
Glomus mosseae inoculated plants showed higher values of 
mycorrhization parameters compared to the other AM species. Similar 
results, showing differential colonization of the same host by different 
AMF species, have been reported by Haripriya and Sekharan, 2002 • 
In the present study, Glomus m.osseae h a s been found to be more 
efficient in overall performance including N, P and K s ta tus on tomato 
compared to others, and it is followed by G. constrictum. Similarly, 
Ramraj and Shanmugam (1990) have come across G. etunicatum to be 
more effective in increasing the shoot dry weight of cowpea. A 
significant response of soyabean to AM fungi in phosphorus deficient 
soil has been reported by Raverkar and Tilak (1988) and Ross (1970). 
Similar results have been obtained in cassava by Sulochana et at. 
(1995), and in chickpea by Singh and Verma (1987) where G. 
fasciculatum and G. etunicatum. proved to be the most effective ones in 
the respective crops. In the present, study, it h a s been found tha t G. 
mosseae supports the highest plant growth in terms of length and 
biomass of plants at maturity. Biomass production, mycorrhizal 
colonization, sporulation and nutrient contents have also been found to 
be significantly high in the inoculated plants with G. mosseae compared 
to all the other five AM fungal species. It could be, therefore, designated 
as the potential AMF inoculant for tomato var. Pusa Ruby for successful 
plant growth and yield. 
Summary 
The objective of this section was to select the most efficient 
arbuscular mycorrhizal fungi (AMF) inoculant for tomato var. Pusa 
Ruby. Six different AMF were evaluated for their efficiency in promoting 
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growth and nutrient content of tomato plants. Inoculation with AMF 
species resulted in higher values of plant growth parameters and 
nutrient status. Mycorrhization was studied in terms of multiplication 
of the AM fungi, internal and external colonization and percent 
arbuscules. Glomus mosseae showed the highest values for most of the 
growth parameters, nutrient content and mycorrhization parameters. G. 
constrictum was the second most effective AMF inoculant after G. 
mosseae'Gigaspora gigantae and Acaulospora scrobiculata showed poor 
values for most of the parameters studied. On the basis of this study G. 
mosseae was selected as the most effective AMF inoculant for tomato 
var. Pusa Ruby, which can be used as biofertilizer and potential 
biocontrol agent. 
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SECTION - III 
SECTION III 
Effect of arbuscular mycorrhizal fungi, Glomus mosseae on the 
development of root- knot nematode, Meloidogyne incognita on 
tomato 
Introduction 
A variety of micro-organisms exist in the rhizosphere and 
rhizoplane of plants . AM fungi are among the most commonly occuring 
mutualistic rhizosphere micro-organisms. They are associated with all 
the cultivated crop plants and can significantly increase the nutr ient 
uptake (Hayman, 1982 and Mosse, 1975 ). Nematodes are one of the 
most destructive class of harmful rhizosphere micro-organisms. 
Simultaneous colonization and infection of roots by different microbes 
inevitably leads to interference in each others activities 
(Linderman, 1985). When present in the rhizosphere of the same plant, 
in association with the same root t issue, AM fungi and nematodes exert 
characteristic bu t opposite effect on the plant. The interaction between 
AM fungi and plant parasitic nematodes has been studied by several 
workers (Fox and Spasoff, 1972; Sikora and Schoenbeck, 1975; 
Bagyaraj et al, 1979; Hussey and Roncadori, 1982 and Babu and 
Suguna, 2000). 
Numerous workers have shown that association with AM fungi 
generally induces tolerance to nematode in susceptible plants (Heald et 
al, 1989; Cooper and Grandison, 1987; Lingaraju and Goswami, 1993 ; 
Haiyen et al, 2002 and Talavera, 2001). AM fungi are also known to 
mitigate the adverse effects of plant parasitic nematodes on plant 
growth (Sikora, 1979; Ja in and Sethi, 1987). Fox and Spasoff (1972) 
showed that a s little as 10 spores/pot of Gigaspora gigantea suppressed 
the reproduction of Heterodera solanacearum on tobacco. Similar 
results were obtained with Pratylenchus brachyrus on cotton (Hussey 
and Roncadori, 1982). Schenck and Kellam (1978) obtained reduction 
in the number of galls of Meloidogyne incognita on soyabean with 25 
spores of Glomus macrocarpus var. macrocarpus. Similarly population of 
Rotylenchulus reniformis were reduced by 150 chalamydospores and egg 
masses and the adult females of M. incognita with 300 chlamydospores 
of G. fasciculatum on tomato and cotton respectively (Sitaramaiah and 
Sikora, 1982, 1996). In the present study, a glasshouse experiment was 
designed to find out the individual and concomitant effects of Glomus 
mosseae and Meloidogyne incognita on the growth of tomato plants and 
their population djniamics. 
Materials and methods 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30 cm 
diameter) from seeds surface sterilized with 0 .01% mercuric chloride. 
The surface sterilized seeds were sown in pots filled with autoclaved 
sandy loam soil (66% sand, 24% silt, 8% clay and 2% OM, pH 7.7). 
Root-knot nematode culture 
In the study, root-knot nematode, Meloidogyne incognita (Kofoid 
and White) Chitwood was used. Field populations of M. incognita were 
collected from tomato (Lycopersicon esculentum Mill.) and egg plant 
(Solanum melongena L.). Species of root-knot nematode, infecting roots 
of tomato or egg plant in the fields were tentatively identified on the 
basis of the characterstics of perineal pat terns of the females. Roots 
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infected with M. incognita were chopped and added to the pots 
containing sterilized field soil and the tomato plants raised earlier as 
mentioned above (3 weeks old) were transplanted and pots were kept in 
glasshouse at 27oC (± 2oC). Subculturing was done approximately at 
every 3 months by inoculating new tomato seedlings with at least 15 
egg masses, each obtained from a single egg mass culture in order to 
maintain sufficient inoculum for further experimental studies. 
Identification of root-knot nematode 
The identity of the root-knot nematode was confirmed by studying 
the characterstics of perineal patterns of females and conducting North 
Carolina differential host test (Eisenback et al, 1981; Taylor and 
Sasser, 1978; Hartman and Sasser, 1985). Fifteen perineal patterns of 
females of each single egg mass population were prepared and their 
characterstics were examined in order to identify the species (Eisenback 
etal, 1981). 
For North Carolina differential host test (Taylor and Sasser, 1978; 
Hartman and Sasser, 1985) seedlings of tomato cv. Rutgers, tobacco cv. 
NC95, pepper cv. California wonder, peanut cv. Florunner, watermelon 
cv. Charleston grey and cotton cv. Deltapine-61 were grown in clay pots 
(one seedling/pot) having sterilized soil in triplicate. Two additional 
replicates of tomato were included to determine the time of termination 
of the test. After determining the number of second stage juveniles (J2) 
per ml, plants in each pot were inoculated with 5000 J2. Juveniles were 
added to a depression made in the soil at the time of transplanting. 
Inoculated plants were kept in glasshouse at 27-30°C. Sixty days after 
inoculation, roots were harvested and thoroughly washed with tap 
61 
water and examined for the presence of galls. Roots with very high 
infection were stained with Phloxin B to determine the number of egg 
masses . 
Number of galls and egg masses were counted and GI and EMI 
were rated on 0-5 scale. 
0=0 
1 = 1-2 
2=3-10 
3=11-30 
4=31-100 
5= more than 100 galls or egg masses per root system (Taylor and 
Sasser, 1978). 
After the rating of root system, resul ts were compared with the 
differential host test char t (Table 13). This confirmed the identity of the 
species determined by the perineal pat tern method. 
Preparation of inoculum and inoculation 
Second stage juveniles (J2) of the nematode were used as 
inoculum in the study. Second stage juveniles were obtained by 
incubating egg masses collected from the roots of tomato plants 
maintaining single egg mass culture of M. incognita. Egg masses were 
incubated in coarse sieve fitted with double layered t issue paper and 
placed on Bearman funnel containing water. The sieves were then 
placed in an incubator (Temperature 25°C). After 72 hours , the hatched 
juveniles (J2) were collected in a beaker and number of juveniles per ml 
was standardized by counting the juveniles from ten, 1 ml samples. 
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Average number of juveniles was then calculated to represent the 
number of juveniles per ml of the suspension. 
For inoculation, the suspension containing J2 was taken in 
micropipette controller and added near the roots of the seedlings. The 
holes were covered with soil after inoculation. Nematode inoculation 
density consisted of uniform quantity of suspension containing either 0, 
250, 500, 1000, 2000, 4000 and 8000 freshly hatched second stage 
juveniles (Jaj/pot. 
Preparation of inoculum of the AM fungus 
Glomus mosseae (Nicol and Gerd) Gerdmann and Trappe, 
inoculum was maintained and multiplied on maize (Zea mays) as in 
section II. 
Inoculation 
For inoculation, inoculum of G. m.osseae for each pot consisted of 
uniform quantity of suspension containing 0, 150, 300, 600, 1200 and 
2400 chlamydospores.The chlamydospores were retrieved from the soil 
using wet sieving and decanting technique (Gerdemann and Nicolson, 
1963) and were placed just 3 cm below the soil surface. 
Six levels of G. mosseae and seven levels of M. incognita were 
used in combination for determining their effect on plant growth and on 
each other (Table 14). The chlamydospore number as given above 
constituted the levels of G. mosseae (designated as GMo; GMi; GM2; 
GM3; GM4 and GM5). Similarly different numbers of freshly hatched 
second stage juveniles, given as above, constituted M. incognita levels 
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(designated as MIo; MIi; MI2; MI3; MI4; MI5 and MIe). The treatments 
were replicated five times, arranged in a completely randomized block 
design and maintained in a glass house at 28-35°C. The plants were 
harvested 60 days after inoculation and all the parameters studied in 
section II were studied alongwith the following additional parameters 
viz., nematode population (both in soil and root), number of galls/root 
system, number of egg masses/root system and number of eggs/egg 
mass (fecundity). 
Data were analyzed statistically using analysis of variance in 
factorial design as mentioned by Dospekhov, (1979) and L.S.D was 
calculated at P=0.05. Details of the ANOVA model are given in appendix 
C,D and E 
Plant growth 
Plant growth parameters and nutrient status parameters were 
studied by the methods mentioned in section II. 
Galls and egg masses 
At the termination of the experiment, roots of harvested plants 
were washed under the tap and examined for the presence of galls. 
Number of galls per root system was counted. Roots were immersed in 
an aqueous solution of phloxin B (0.15 g/lit tap water) for 15 minutes 
to stain the egg masses. Egg masses per root system were then counted 
(Taylor and Sasser, 1978). 
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Fecundity 
Fecundity (no. of eggs / egg mass) was measured by shaking 
vigorously 10 egg masses in 5.25% NaOCl solution. The eggs were 
separated from egg mass and collected over 500 mesh sieve. From the 
sieve, eggs were transferred into a beaker and 0.35% acid fuchsin (in 
25% lactic acid) was added to 20 to 25 ml of suspension boiling for 1 
minute for staining the eggs. After cooling, the eggs were counted and 
eggs per egg mass were calculated to find out the fecundity. 
Nematode population 
For estimating root population of nematodes (J2+J3+J4) mature 
females roots from each replicate were weighed and cut into 1 cm 
length. One grami of root pieces was stained with acid fuchsin and 
lactophenol (Bjo-d et al., 1983). The root pieces were placed between two 
slides, examined under stereoscopic microscope and number of 
J2+J3+J4 counted. Then total number of J2+J3+J4 for the whole root 
system of the replicate was calculated. For counting the number of 
females, 1 g of root pieces were transferred in 5% HNO3 and incubated 
at 25°C. After 72 hours , root pieces were gently teased to release the 
females. The number of females/g of root was counted and total 
number of females for the whole root system was calculated (Hassey 
and Barker, 1973). The means of replicates wore then calculated. The 
eggs were extracted from the roots of each treatment separately by 
using Chlorox (Hussey and Barker, 1973). Roots from each treatment 
were cut into 1-2 cm pieces. One gram of the root pieces were shaken 
vigorously in 200 ml of 1.0% NaOCl solution for 1 to 4 minutes. Then 
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NaOCl solution was passed through a 200 mesh sieve rested over a 500 
mesh sieve to collect free eggs. The sieve containing eggs was placed 
under a stream of cold water to remove residual NaOCl (rinsed for 
several minutes). The rinsed roots were put under water to remove 
additional eggs and were collected by sieving. The number of eggs was 
then counted in counting dish under stereoscopic microscope. The total 
number of eggs was calculated by multiplying the numiber with the 
fresh weight of the root in the treatment. Soil population (J2 + male) of 
the nematode was estimated by modified Cobb's sieving and decanting 
technique (Southey, 1986). 
RESULTS 
Plant length 
Plants were inoculated with different populations of nematode 
(Meloidgoyne incognita) and AM fungus {Glomus mosseae). Inoculation 
of the plants with the AM fungus resulted in significant increase in 
shoot length. With the increase in inoculum of G. mosseae there was 
significant increase in shoot length, except at 2400 spores per plant. 
The shoot length obtained at this level didn't differ significantly from 
that at 1200 spore per plant (Fig.24). 
Addition of nematode inoculum resulted in reduced shoot length 
as compared to control. The reduction observed at the first two 
inoculum levels (250 and 500 juveniles per plant) was statistically 
insignificant. Inoculation with 1000 or more juveniles per plant reduced 
shoot length significantly. Maximum reduction in shoot length (18%) 
was observed in plants inoculated with 8000 juveniles per plant. G. 
mosseae when inoculated together with M. incognita, reducing the 
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adverse effect of nematode on shoot length. When 600 spores of G. 
mosseae were supplied, addition of even 8,000 juveniles per plant failed 
to show adverse effect on shoot length. Further addition of AM fungal 
spores at this nematode level resulted in enhancement of shoot length 
over the control (Table 15). 
As in shoot length, inoculation with 250 or 500 juveniles per 
plant failed to cause significant reduction in root length. Maximum 
reduction (19%) was observed at 8000 juveniles per plant, but this was 
not statistically different from that caused by 4000 juveniles per plant. 
Addition of 150 spores per plant didn't result any significant change in 
root length. However, 300 or more propagules per plant increased root 
length significantly. Maximum increase (29.4%) was observed at 1200 
spores per plant, but this was not significantly different from that 
observed at 2400 spores per plant. Addition of 1200 spores per plant 
compensated the loss caused by inoculation with 8000 juveniles of M. 
incognita (Table 16). 
For overall plant length, the trend was the same as that for shoot 
length. Maximum increase (53.1%) was observed in plants inoculated 
with 2400 spores per plant, while maximum decrease (18.3%) was 
observed in plants inoculated with 8000 juveniles. The loss in plant 
length caused by 8000 juveniles was observed to be compensated by 
addition of 600 G. mosseae spores (Table 17). 
Fresh weight 
Inoculation with 250 or 500 juveniles failed to cause significant 
change in shoot fresh weight. At higher inoculum levels, there was a 
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Table : 15 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the shoot length of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
33.8±3.9 
37.5i:6.0 
40.2±5.3 
44.7±4.7 
45.3±5.7 
48.2±2.9 
41.6 
L.S.D at 5% G. 
250 
33.3±3.4 
36.7±3.5 
40.8±4.7 
4'+.J3:/.Z 
46.4±8.3 
47.2±5.7 
41.4 
mosseae = 
Nematode inocul 
500 
30.2±4.4 
34.4±3.7 
40.2±2.8 
4 A C ' A 't 
46.7±4.7 
46.2±7.4 
40.3 
2.1 
1000 
26.3±2.6 
32.2±3.1 
37.9±4.9 
43.2±4.3 
45.8±4.4 
46.8±3.4 
38.7 
lum density (J2) 
2000 
24.4±2.5 
29.3±2.1 
34.1±3.3 
A 1 0 I A A 
47.5±5.4 
45.3±7.0 
36.9 
M. incognita = 2.3 
4000 
23.2±2.i 
28.2±3.1 
31.7±2.4 
39.3i:3.9 
46.4±5.9 
45.4±5.0 
35.7 
8000 
22.3±2.7 
27.8±3.5 
30.9±3.5 
36.7±4.4 
43.1±3.5 
43.8±5.5 
34.1 
Interaction =NS 
Mean 
27.6 
32.3 
36.5 
41.9 
45.8 
46.1 
Table : 16 Interaction effect of spore density oi Glomus mosseae and population oi Meloidogyne 
incognita on the root length of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
17.8±1.5 
18.1±1.8 
18.1±2.4 
19.5±2.1 
20.2±3.0 
20.1±2.0 
18.9 
250 
17.2±2.2 
17.7±2.6 
18.2±3.0 
19.2±3.1 
20.4±3.0 
19.8±0.8 
18.7 
Nematode inoculum density (J2) 
500 
15.8±1.9 
15.4±1.7 
17.8±2.1 
18.4±2.1 
20.8±1.2 
20.3±2.1 
18.0 
1000 
14.9±1.0 
15.7±1.7 
17.2±3.4 
18.8±3.0 
20.3±1.8 
19.2±1.2 
17.6 
2000 
14.4±2.2 
14.2±1.6 
15.3±1.0 
18.1±1.0 
19.0±3.5 
20.5±2.6 
16.9 
4000 
14.3±2.0 
13.6±2.l 
14.4±1.6 
17.0±1.6 
20.1±1.7 
18.8±2.2 
163 
8000 
12.7±0.7 
12.9±1.9 
14.8±1.9 
15.8±0.9 
17.8±2.4 
18.3±1.4 
153 
Mean 
153 
153 
16.5 
18.1 
19.8 
19.5 
L.S.D at 5% G. mosseae = 1.0 M. incognita = 1.1 Interaction =NS 
Table : 17 Interaction efTect of spore density of Glomus mosseae and population oXMeloidogyne 
incognita on the plant length of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
51.6±5.4 
55.6±7.7 
583±7.7 
64.2±6.8 
65.5±8.6 
683±4.9 
60.5 
L.S.D at 5% G. 
Mean ± SD 
250 
50.5±5.6 
54.4±6.1 
59.0±7.7 
63.5±10.2 
66.8±113 
67.0±6.5 
60.2 
mosseae = 3.1 
Nematode inoculum density (Jj) 
500 
46.0±6.4 
49.8±53 
58.0±4.9 
62.9±63 
67.5±5.7 
66.519.5 
58.4 
1000 
41.2±3.6 
47.9±4.8 
55.1±83 
62.0±7.2 
66.1 ±6.2 
66.0±4.5 
563 
2000 
38.8±4.5 
43.5±3.6 
49.4±4.2 
59.3±5.4 
66.5±8.5 
65.8±9.7 
53.8 
M. incognita =3.2 
4000 
37.5±4.1 
41.8±5.0 
46.1 ±4.0 
56.3±5.5 
66.5±7.5 
64.2±7.3 
52.0 
8000 
35.0±3.1 
40.7±5.3 
45.7±5.1 
52.5±5.4 
60.9±5.8 
62.1 ±7.0 
49.4 
Interaction=NS 
Mean 
42.9 
47.6 
53.0 
60.1 
65.6 
65.7 
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Fig. 24 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the shoot, root and plant length 
of tomato 
significant decrease in shoot fresh weight, with 4000 and 8000 juveniles 
of M. incognita per plant being the most destructive (Fig. 25). Addition of 
150 G. mosseae spores failed to alter shoot fresh weight significantly. 
300 or more spores caused significant increase in shoot fresh weight. 
The reduction in shoot fresh weight caused by 8000 juveniles of M. 
incognita was compensated by the addition of 600 propagules of G. 
mosseae. The reduction in shoot fresh weights of plants inoculated with 
4000 or 8000 juveniles per plant were statistically similar and higher 
than others (Table 18). 
Significant increase in root fresh weight was observed with 150 or 
more G. mosseae spores. 250 or 500 juveniles of M. incognita failed to 
cause significant change in root fresh weight. The reduction in root 
fresh weight caused by 8000 juveniles was compensated by the 
application of 600 G. mosseae spores (Table 19). 
Plant fresh weight was not reduced significantlj'^ by 250 or 500 
juveniles per plant. 4000 and 8000 juveniles per plant resulted in 
statistically similar and minimum plant fresh weight. Application of G. 
mosseae spores (at all levels studied) resulted in significantly higher 
plant fresh weight. 1200 and 2400 spores caused maximum increase in 
plant fresh weight (73.3% and 80.6%). 600 spores compensated the loss 
caused by 8000 juveniles per plant, and further increase in AM fungal 
inoculum resulted in more increase in plant fresh weight (Table 20). 
Dry weight 
Shoot dry weight increased significantly in plants inoculated with 
300 or more G. mosseae spores. When 150 spores were supplied, no 
significant increase in shoot dry weight was observed. The shoot dry 
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Table : 18 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the shoot fresh weight of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
25.8±3.2 
27.5±3.2 
32.2±3.0 
35.5±3.2 
38.2±4.6 
40.5±3.3 
33.2 
250 
25.3±2.3 
27.0±3.8 
30.7±4.4 
35.4±3.9 
39.1±4.5 
39.6±4.2 
32.8 
Nematode inoculu 
500 
24.4±3.1 
25.4±3.1 
30.1±4.8 
35.9±3.9 
39.7±5.5 
39.3±6.8 
32.4 
1000 
21.6±2.6 
23.3±3.0 
28.9±2.0 
33.4±3.9 
38.1i:4.2 
37.0±3.2 
30.3 
m density (Jj) 
2000 
20.3±1.6 
22.4±3.7 
25.8±3.1 
32.5±1.5 
32.3±4.3 
37.7±3.9 
28.5 
4000 
18.8±2.5 
21.0±3.0 
23.6±2.3 
31.0±3.0 
37.6±5.5 
36.8±4.0 
28.1 
8000 
19.0±2.1 
20.4±2.9 
22.4±2.1 
31.5±3.9 
36.6±3.7 
36.2±3.5 
27.6 
Mean 
22.1 
23.8 
27.6 
33.6 
37.3 
38.1 
L.S.D at 5% G. mosseae = 1.7 M. incognita = 1.8 Interaction =NS 
Table : 19 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the root fresh weight of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
8.6±0.9 
9.5±1.0 
10.6±0.8 
12.8±1.1 
14.1±1.9 
14.8±2.3 
11.7 
L,S.D at 5% G. 
250 
8.4±1.0 
9.6±1.0 
10.8±1.5 
12.4±1.4 
14.0±1.1 
14.5±2.1 
11.6 
mosseae =0.6 
Nematode inoculum density (Jj) 
500 
7.4±1.2 
9.0±1.1 
10.2±1.5 
12.1±1.9 
12.9±1.0 
14.8±1.8 
11.0 
1000 
6.8±1.1 
7.9±0.5 
9.5±1.0 
11.1±1.5 
13.5±1.4 
13.6il.O 
10.4 
M. incognita 
2000 
6.1±0.4 
7.1±0.6 
8.7±1.2 
10.0±1.4 
12.0±2.1 
14.2±1.6 
9.6 
= 0.6 
4000 
5.1±0.4 
5.5±0.9 
7.4±0.6 
9.5±1.4 
11.3±1.2 
13.5±1.9 
8.7 
8000 
5.3±0.7 
5.7±0.5 
6.8±0.7 
8.9±1.1 
11.7±1.4 
13.1±1.3 
8.5 
Interaction=NS 
Table : 20 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the plant fresh weight of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
34.4±4.2 
37.0±4.2 
42.8±3.8 
48.3±4.3 
52.3±6.6 
55.3±5.4 
45.0 
250 
33.7±3.4 
36.6±4.8 
41.5±5.9 
47.8±5.3 
53.1±5.5 
54.1±6.1 
44.4 
Nematode inoculum density (J2) 
500 
31.8±4.2 
34.4±4.3 
40.3±6.2 
48.0±5.8 
52.6±6.4 
54.1±8.6 
43.5 
L.S.D at 5% G. mosseae =2.3 
Mean ± SD 
1000 
28.4±3.6 
31.2±3.5 
38.4±3.0 
44.5±5.3 
51.6±5.4 
50.6±4.0 
40.7 
2000 
26.4±2.0 
29.5±4.3 
34.5±4.2 
42.5±3.0 
44.3±6.4 
51.9±5.4 
38.1 
M. incognita =2.5 
4000 
23.9±2.9 
26.5±3.9 
31.0±3.0 
40.5±4.5 
48.9±6.7 
50.3±6.0 
36.8 
8000 
24.3±2.7 
26.1 ±3.4 
29.2±2.8 
40.4±5.0 
48.3±5.1 
49.3±4.6 
36.2 
lnteraction= NS 
Mean 
6.8 
7.7 
9.1 
10.9 
12.7 
14.0 
Mean 
28.9 
31.6 
36.8 
44.5 
50.1 
52.2 
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Fig. 25 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the shoot, root and plant fresh 
weight of tomato 
weight of plants with 1200 or 2400 spores of G. mosseae was 
statistically similar and highest (80.7% and 81.6%). Addition of 250 
nematode juveniles resulted in non-significant increase in shoot dry 
weight. The shoot dry weights observed in plants inoculated with 2000, 
4000 or 8000 juveniles of M. incognita were statistically similar and 
lower than other t reatments. Presence of G. mosseae resulted an 
increase in the shoot dry weights of nematode inoculated plants . The 
reduction in shoot dry weight caused by 8,000 juveniles of M. incognita 
was compensated by the addition of 600 G. mosseae spores. When more 
G. mosseae spores were added, there was further increase in shoot dry 
weight (Table 21). 
Inoculation with G. mosseae (at all the levels studied) resulted in 
significant increase in root dry weight. Maximum increase (98.7%) was 
shown at inoculum level of 2400 spores per plant, and this was 
significantly higher than that observed at other inoculum levels (Fig. 
26). Inoculation with 250 and 500 juveniles caused non-significant 
reduction in root dry weight. When 1,000 or more juveniles were added, 
significant reduction in root dry weight was observed. Lowest (and 
statistically similar) root dry weights were observed in plants inoculated 
with 4000 or 8000 juveniles per plant (24.7%). 8000 juveniles of M. 
incognita failed to show any adverse effect on root dry weight in the 
presence of 600 G. mosseae spores. Further increase in AM fungal 
inoculum resulted in increased root dry weight (Table 22). 
Inoculation with G. mosseae significantly increased plant dry 
weight. Maximum plant dry weight was recorded in plants inoculated 
with 2400 or 1200 G. mosseae spores (85.9% and 82.6%). Inoculation 
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Table : 21 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the shoot dry weight of tomato plants 
Spore 
Density 
Nematode inoculum density (J2) 
Control 250 500 1000 2000 4000 8000 
Control 
150 
300 
600 
1200 
2400 
Mean 
5.71 ±0.60 
5.89±0.48 
6.95±0.65 
7.89±0.71 
9.00±1.27 
9.26±1.07 
7.45 
L.S.D at 5% 
5.64±0.47 5.36±1.20 4.71±0.57 4.36±0.54 3.96±0.29 3.81+0.41 
5.98±0.60 5.51±1.00 5.06±0.66 4.87±0.76 4.46±0.46 4.36±0.41 
6.90±0.93 6.73±0.69 6.41 ±0.80 5.60±0.63 
8.03±1.15 8.25±0.90 7.53±1.06 7.33±0.33 
9.02±1.16 9.13±1.08 8.21±1.10 8.48±1.15 
9.16±1.52 9.01±1.00 8.16±1.21 8.39±0.69 
6.68 6.50 7.45 7.33 
Mean 
4.79 
5.16 
5.15±0.49 4.81±0.49 6.07 
6.91±1.05 7.11±0.87 7.57 
8.60±0.95 8.21± 1.20 8.66 
8.46±1.18 8.48±0.84 8.70 
6.25 6.12 
G. mosseae =0.40 M. incognita =0.44 Interaction NS 
Table : 22 Interaction eftect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the root dry weight of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
2.26±0.28 
2.41±0.28 
2.74±0.33 
3.25±0.51 
3.44±0.28 
3.6U0.28 
2.95 
250 
2.21 ±0.37 
2.46±0.12 
2.83±0.40 
3.16±0.47 
3.53±0.43 
3.65±0.32 
2.97 
Nematode inoculum density (J2) 
500 
1.93±0.24 
2.26±0.33 
2.61±0.17 
3.08±0.31 
3.34+0.52 
3.58±0.51 
2.80 
1000 
1.77±0.30 
1.80±0.36 
2.23±029 
2.61 ±0.50 
3.26±0.47 
3.21±0.34 
2.48 
2000 
1.48±0.21 
1.74±0.26 
2.11±0.31 
2.58±0.43 
3.35±0.43 
3.34±0.43 
2.43 
4000 
1.28±0.12 
1.41±0.08 
1.94±0.20 
2.38±0.28 
2.94±0.23 
3.41±0.52 
2.22 
8000 
1.24±0.08 
1.54±0.29 
1.78±0.3 
2.55±0.32 
2.98±0.41 
3.26±0.35 
2.22 
Mean 
1.73 
1.94 
2.32 
2.80 
3.26 
3.43 
L.S.D at 5% G. mosseae = G.l4 M. incognita =0.16 Interaction=NS 
Table : 23 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the plant dry weight of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
7.97±0.86 
8.30±0.76 
9.69±0.97 
1I.14±0.67 
12.44±1.52 
12.87±1.27 
10.40 
L.S.D at 5% G. 
Mean ± SD 
250 
7.85±0.84 
8.44±0.71 
9.73±1.28 
11.19±1.56 
I2.55±1.58 
12.81±1.81 
10.42 
Nematode inoculu 
500 
7.29±1.40 
7.77±1.33 
9.34±0.84 
11.33±1.22 
12.47±1.52 
12.59±1.50 
10.13 
mosseae = 0.54 
1000 
6.48±0.84 
6.86±1.02 
8.64-tl.07 
10.14±1.55 
ll.50±1.54 
11.37±1.47 
9.16 
m density (J2) 
2000 
5.84±0.72 
6.61±;.01 
7.71 ±0.94 
9.91 ±0.77 
ll.83±1.57 
11.73±1.11 
8.93 
M. incognita = 0.59 
4000 
5.24±0.42 
5.87±0.55 
7.09±0.67 
9.29±1.29 
ll.54±1.16 
11.87±1.65 
8.48 
8000 
5.05±0.48 
5.90±0.70 
6.59±0.79 
9.65±1.19 
11.19±1.60 
11.74=1.19 
8.35 
lnteraction=NS 
Mean 
6.53 
7.10 
8.39 
10J7 
11.93 
12.14 
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Fig. 26 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the shoot, root and plant dry 
weight of tomato 
with 250 juveniles of M. incognita resulted in non-significant increase in 
plant dry weight, whereas 500 juveniles per plant resulted in non-
significant decrease in this parameter. 1000 or more juveniles per plant 
resulted in significant reduction in plant dry weight. Lowest (and 
statistically similar) plant dry weights were observed in plants 
inoculated with 2000, 4000 or 8000 juveniles of M. incognita. 600 AM 
fungal spores compensated the reduction in plant dry weight caused by 
8000 juveniles of M. incognita per plant (Table 23). 
Nutrient status 
Inoculation of the tomato plants with G. mosseae (at all the levels 
studied) resulted in significant increase in nitrogen (N) content of the 
plants. Inoculation with 300 G. mosseae spores per plant resulted in 
significantly higher N content than those with 150 spores. Increase in 
G. mosseae inoculum beyond 300 spores per plant failed to cause 
significant increase in N content of the plants. Af. incognita inoculation 
had no significant impact on the N content of tomato plants (Table 24). 
Significant improvement in phosphorus content was observed 
when plants were inoculated with G. mosseae. Maximum increase in 
phosphorus content was observed when plants were inoculated with 
1200 spores of G. mosseae per plant (42.3%). This, however, was 
statistically similar to that observed at 2400 spores per plant. The effect 
of nematode inoculation on the phosphorus content of tomato plants 
(averaged for various levels of G. mosseae inoculations) was found to be 
statistically non-significant (Table 25). 
The potassium content of tomato plants showed significant 
increase when inoculated with G. mosseae. Maximum increase was 
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Table : 24 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the nitrogen content of tomato plants 
Spore 
Density 
Control 
ISO 
300 
600 
1200 
2400 
Mean 
Control 
1.78±0.22 
2.03±0.32 
2.18±0.22 
2.14±0.27 
2.26±0.29 
2.19±0.35 
2.09 
Nematode inoculum density (J2) 
250 500 1000 2000 4000 8000 
1.87±0.20 1.74±0.22 1.81±0.18 1.67±0.19 
2.06±0.35 1.93±0.19 1.97±0.19 1.86±0.18 
2.14±0.25 2.0±0.29 2.14±0.24 2.04±0.26 
2.16±0.30 2.19±0.27 2.11±0.33 2.19±0.26 
2.11±0.27 2.16±0.32 2.23±0.28 2.1±0.32 
2.33±0.36 2.24±0.30 2.01±0.31 2.23±0.25 
2.11 2.04 2.04 2.01 
Mean 
1.61 ±0.21 
1.76±0.24 
2.14±0.29 
1.95±0.26 
2.17±0.29 
2.11±0.29 
1.95 
1.72±0.18 
1.83±0.24 
1.98±0.17 
2.09±0.29 
2.14±0.23 
2.21db0.26 
1.99 
1.74 
1.92 
2.00 
2.11 
2.16 
2.18 
L.S.D at 5% G. mosseae = 0.12 M. incognita = NS Interaction=NS 
Table : 25 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the phosphorus content of tomato plants 
Spore 
Density 
Nematode inoculum density (Jj) 
Control 250 500 1000 2000 4000 8000 Mean 
Control 0.225iK).002 0.211±0.002 0.231±0.003 0.209±0.002 0.214±0.002 0.201±0.002 
150 0.252±0.003 0.246±0.002 0.244±0.001 0.256±0.002 0.232±0.002 O.235±O.0O3 
300 0.276±0.002 0.269±0.002 0.261 ±0.001 0.242±0.001 0.256±0.0O3 0.246±0.002 
600 0.286±0.004 0.272±0.003 0.272±0.003 0.289±0.002 0.261±0.003 0.258±0.001 
1200 0.314±0.004 0.311±0.003 0.306±0.004 0.304±0.004 0.292±0.002 0.319±0.002 
2400 0.309±0.005 0.298±0.002 0.319±0.004 0.291±0.005 0.309±0.004 0.311±0.004 
Mean 0.277 0.267 0.272 0.265 0.260 0.261 
0.215±0.002 0.215 
0.244±0.002 0.244 
0.231±0.003 0.254 
0.249±0.001 0.269 
0.302±0.003 0.306 
0.306±0.003 0JO6 
0.257 
L.S.D at 5% G. mosseae = 0.015 M. incognita =NS Interaction=NS 
Table : 26 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the potassium content of tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
1.54±0.16 
1.63±0.20 
1.84±0.20 
1.94±0.22 
2.10±0.26 
2.15±0.26 
1.86 
250 
1.41±0.12 
1.67±0.18 
1 74±0.18 
1.91 ±0.22 
2.16±0.27 
2.15±0.29 
1.84 
L.S.D at 5% G. mosseae = 0.10 
Mean ± SD » 
Nematode inocului 
500 
1.55±0.19 
1.57±0.21 
1.64±0.19 
1.96±0.25 
1.9U0.19 
2.17±0.28 
1.80 
1000 
1.51±0.20 
1.47±0.12 
1.56±0.17 
1.83±0.21 
2.11 ±0.24 
2.11±0.27 
1.76 
M. incognita 
m density (J-,) 
2000 
1.41±0.18 
1.48±0.13 
1.54±0.18 
1.84±0.18 
1.95±0.24 
1.99±0.19 
1.70 
= 0.10 
4000 
1.27±0.12 
1.44±0.16 
1.50±0.17 
1.85±0.22 
1.87±0.20 
2.14±0.24 
1.67 
8000 
1.36±0.11 
1.50±0.24 
1.41±C.13 
1.74±0.23 
1.96±0.22 
2.1U0.28 
1.68 
Interaction=NS 
Mean 
1.43 
1.53 
1.60 
1.86 
2.00 
2.11 
I I 
i 
I 
2 3 4 5 6 7 
o 1.5 
S 0.5-
Legend 
Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 27 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the nitrogen, phosphorus and 
potassium content of tomato 
observed at 2400 spores per plant (47.5%), and it was significantly 
higher than all other treatments. Inoculation with upto 1000 juveniles 
of M. incognita didn't result in significant decrease in potassium content 
of tomato plants. 2000 or more juveniles of M. incognita resulted in 
significant decrease in potassium content of tomato plants. Inoculation 
with 600 G. mosseae spores compensated the loss in potssium content 
caused by 8000 juveniles of M. incognita (Table 26). 
Nematode related parameters 
The final population of M. incognita in soil increased significantly 
with the increasing levels of inoculum. Maximum final population in 
soil was observed at 8000 juveniles per plant. This was significantly 
higher than that obtained with all the other inoculum levels. 
Inoculation with the AM fungus G. mosseae didn't alter the nematode 
population significantly (Table 27). 
Increase in initial inoculum level of M. incognita resulted in 
increased final population of the nematode in root. Maximum 
population of M. incognita in roots of tomato plants was observed when 
plants were inoculated with 8000 juveniles per plant. Inoculation with 
G. mosseae significantly reduced the population of M. incognita in root. 
Maximum suppression of M. incognita population in root was observed 
when plants were inoculated with 2400 spores of G. mosseae. This, 
however, was statistically similar to the suppression resulting from the 
inoculation with 1200 spores per plant, indicating that increase in G. 
mosseae inoculum beyond 1200 spores per plant didn't result in 
significant increase in suppression of M. incognita population in root 
(Table 28). 
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Fig. 28 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the final nematode population in 
soil and in root and on the number of its egg masses per root 
system 
A significant increase in number of egg masses per root system 
was observed with the increase in inoculum levels of M. incognita. 
Maximum number of egg masses per root system was observed in 
plants inoculated with 8000 juveniles of M. incognita per plant. AM 
fungal inoculation significantly reduced the number of egg masses per 
root system. Lowest value of egg mass number per root system was 
observed in plants inoculated with 2400 spores of G. mosseae. At 
inoculum levels of 600 or above spores of G. mosseae per plant, the 
number of egg masses per root system was uniformly low irrespective of 
the initial inoculum level of M. incognita (Table 29). 
Fecundity ( the number of eggs per egg mass) increased with 
increase in the inoculum of Af. incognita. However, with increase in 
inoculum from 2000 to 4000 juveniles per plant, there was a non-
significant decrease in fecundity. Inoculation with G. mosseae resulted 
in lower values of fecundity. Except for 150 spores per plant inoculum 
level (which reduced the fecundity non-significantly), all other inoculum 
levels resulted in significant reduction in fecundity (Table 30). 
The number of galls per root system increased significantly with 
increase in the inoculum of M. incognita. Maximum number of galls 
were observed in plants inoculated with 8000 juveniles of Af. incognita. 
Inoculation with the AM fungus Glomus mosseae resulted a decrease in 
number of galls per root system. Maximum reduction was observed 
when plants were inoculated with 2400 spores of G. mosseae. However, 
this was statistically similar to the reduction observed at 1200 spores 
per plant (Table 31). 
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Table : 29 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the Number of egg masses per root system 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
_ 
L.S.D at 5 % 
250 
14±1 
5±1 
4±2 
2:ti 
2±1 
0 
4 
G. mosseae = 
500 
24±3 
16±2 
7±1 
2±i 
3±1 
2±1 
9 
1.5 
Nematode inocu 
1000 
47±3 
21±1 
9±1 
3*i 
2±1 
1±1 
13 
M. incoi 
ilum density (J2) 
2000 
66±5 
36±3 
12±1 
2±1 
3±1 
2±2 
20 
^nUa = 1.5 
4000 
81±9 
42±4 
11±1 
4±i 
4±2 
1±1 
23 
8000 
122±9 
71±6 
16±2 
3±i 
5±1 
1±1 
36 
Interaction=3.8 
Mean 
59 
31 
9 
2 
3 
1 
Table : 30 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the Number of eggs per egg mass 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
— 
L.S.D at 5 % G. 
250 
67±9 
59±5 
68±9 
45±3 
60*7 
64±9 
60 
mosseae = 
Nematode inoculum density (J2) 
500 
81±11 
68±10 
63±3 
53±8 
58±7 
61±4 
64 
5 
1000 
88±10 
81±3 
67±9 
61±6 
58±6 
55±7 
68 
2000 
83±7 
105±8 
101±15 
113±12 
98±10 
91±9 
98 
M. incognita = 5 
4000 
93±10 
101±13 
88±10 
105±15 
93±7 
88±12 
94 
8000 
119±13 
115±16 
111±15 
98±15 
85±10 
81±7 • 
101 
Interaction =12 
Mean 
88 
88 
83 
79 
75 
73 
Table : 31 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the Number of galls per root system 
Spore 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
_ 
_ 
_ 
_ 
-
-
L.S.D at 5 % G. 
Mean ±SD 
250 
108±13 
73±7 
55±5 
11±1 
10±1 
8±2 
44 
mosseae = 
1 
500 
99±5 
83±8 
50±8 
26±3 
11±1 
7±I 
46 
5 
Nematode inoculum density (J2) 
1000 
140±18 
93±11 
56±5 
30±3 
13±2 
8±4 
56 
M. incognita 
2000 
193±17 
113±16 
64±5 
37±4 
11±1 
12±2 
71 
= 5 
4000 
235±28 
132±16 
73±2 
41±2 
16±1 
10±3 
84 
8000 
251±25 
157±17 
80±8 
49±3 
15±1 
11±3 
93 
Interaction =12 
Mean 
171 
108 
63 
32 
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9 
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5. « 
« E 
•> 
o> tu 
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Legend 
Spore density per pot 
A = 0 B = 150 C = 300 D = 600 E = 1200 F = 2400 
Nematode inoculum density per pot 
1=250 2 = 500 3 = 1000 4 = 2000 5 = 4000 6 = 8000 
Fig. 29 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the fecundity and number of 
galls formed by M. incognita on tomato 
Mycorrhization 
External colonization increased significantly with the increase in 
the inoculum of Glomus mosseae. Maximum external colonization 
percentage was observed when plants were inoculated with 2400 spores 
of G. mosseae. This was significantly higher than that observed at other 
level. Inoculation of mycorrhizal plants with 250 juveniles of M. 
incognita resulted in non-significant increase in external colonization, 
while 500 juveniles per plant decreased external colonization non-
significantiy. Inoculum of 1000 or more juveniles per plant resulted a 
significant reduction in external colonization percentage. Maximum 
reduction in external colonization percentage was observed when 8000 
juveniles of M. incognita were inoculated per plant. In the presence of 
8000 juveniles, 600 spores gave an external colonization percentage 
similar to that given by 150 spores alone (Table 32). 
Internal colonization percentage increased significantiy with the 
increase in G. mosseae inoculum. Maximum internal colonization 
percentage observed at 2400 spores per plant, which was statistically 
similar to that observed at 1200 spores per plant. 250 and 1000 
juveniles of M. incognita per plant increased internal colonization non-
significantly. 2000 or more juveniles caused significant reduction in 
internal colonization (Table 33). 
Percent arbuscules increased significantly with the increase in 
the inoculum of G. mosseae. At 1200 and 2400 spores of G. mosseae 
per plant the percentage of arbuscules was statistically similar and 
maximum. 250 juveniles of M. incognita caused non-significant increase 
73 
Table : 32 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the external colonization (%) of Glomus mosseae in tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
-
28.8±3.2 
37.5±2.7 
51.0±6.3 
62.6±7.1 
64.4±6.7 
48.8 
250 
-
29.2±3.5 
38.2±1.6 
52.2±4.6 
61.6±6.7 
66.6±9.0 
49.5 
Nematode inoculum density (Jj) 
500 
-
27.2±3.4 
39.2±3.5 
47.6±4.l 
59.7±4.6 
66.0±7.5 
47.9 
1000 
-
23.4±1.9 
36.1±4.9 
41.8±4.9 
56.6±6.6 
68.3±3.3 
45.2 
2000 
-
25.8±4.7 
29.5±2.1 
36.0±4.3 
58.4±2.9 
66.8±10.1 
43.3 
4000 
-
19.4±1.8 
22.8±2.3 
32.5±2.5 
48.6±3.8 
55.3±6.7 
35.7 
8000 
-
19.1±1.8 
21.3±2.4 
29.8rn3.5 
45.4±5.2 
49.0±6.1 
32.9 
Mean 
-
24.7 
32.0 
41.5 
56.1 
62.3 
L.S.D at 5% G. mosseae = 2.3 M. incognita = 2.8 Interaction=6.2 
Table : 33 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the internal colonization (%) of Glomus mosseae in tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400-
Mean 
Control 
-
35.4±5.4 
44.3±5.1 
39.8±4.0 
51.5±7.1 
50.8±7.1 
44J 
250 
-
35.0±5.0 
46.4±1.7 
38.8±5.5 
51.0±5.7 
52.1±7.0 
44.6 
Nematode inoculum density (J2) 
500 
-
31.4±3.8 
32.8±4.4 
31.5±5.3 
41.3±5.3 
42.8±5.4 
35.9 
1000 
-
29.4±3.5 
44.5±4.1 
47.0±4.5 
53.1±7.4 
56.0±5.9 
46.0 
2000 
-
28.4±3.6 
33.3±4.2 
36.0±3.7 
42.4±4.7 
40.6±5.1 
36.1 
4000 
-
26.1±4.0 
33.4±4.1 
28.8±3.2 
29.2±3.6 
35.0±4.8 
30.5 
8000 
-
20.4±1.6 
29.9±2.7 
32.0±3.3 
39.6±5.7 
38.8±3.4 
32.1 
Mean 
-
29.4 
37.8 
36.2 
44.0 
45.1 
L.S.D at 5% G. mosseae =2.3 M incognita = 2.3 Interaction =6.1 
Table : 34 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the percent arbuscules of Glomus mosseae in tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
-
29.8±2.7 
38.3±6.2 
37.0±4.4 
42.3±2.9 
40.8±3.6 
37.6 
L.S.D at 5% G. 
Mean ± SD 
250 
-
31.0±2.3 
39.7±4.5 
35.1±3.4 
40.5±5.5 
43.0±5.0 
37.8 
mosseae = 1.9 
Nematode inoculu 
500 
-
24.0±1.2 
37.9±3.9 
38.8±4.0 
36.8±5.3 
39.0±3.6 
35.3 
1000 
-
19.8±2.3 
35.6±3.5 
39.4±4.4 
42.3±2.1 
41.8±5.4 
35.7 
m density (J2) 
2000 
-
21.8±2.4 
40.1 ±5.4 
38.4±3.9 
35.4±4.6 
39.4±2.8 
35.0 
M. incognita = 2.2 
4000 
-
23.0±3.2 
33.4±2.2 
38.3±4.1 
39.8±4.9 
37.4i:4.3 
34.3 
8000 
-
19.4±1.7 
32.1 ±4.7 
38.1±4.1 
41.3±6.3 
39.4±3.7 
34.0 
Interaction=5.1 
Mean 
-
24.1 
36.7 
37.8 
39.7 
40.1 
l e : 
o 
I c 
o ~ 
o ss 
o — 
3 — 
Legend 
Spore density per pot 
A = 150 B = 300 C = 600 D = 1200 E = 2400 
Nematode inoculum density per pot 
1 = 0 2 = 250 3 = 500 4 = 1000 5 = 2000 6 = 4000 7 = 8000 
Fig. 30 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the internal colonization, 
external colonization and percent arbuscule formation by 
Glomus mosseae in tomato 
in the percentage of arbuscules. 500 or more juveniles caused 
significant reduction in the percentage of arbuscules (Table 34). 
The number of chlamydospores in root was increased significantly 
with the increase in the inoculum level of G. mosseae. The number of 
chlamydospores was highest when 2400 spores of G. mosseae were 
used. M. incognita application, at 500 or more juveniles per plant, 
resulted in significant decrease in the number of chlamydospres in root. 
The reduction in this parameter was maximum when 8000 juveniles of 
M. incognita were applied (Table 35). 
Increase in G. mosseae inoculum from 150 to 300 spores per 
plant didn't result in significant increase in number of chlamydospores 
in soil. Maximum number of chlamydospores in soil was observed when 
plants were inoculated with 2,400 spores of G. mosseae, and it was 
significantly higher than that observed at any other level. Nematode 
inoculation resulted in lower number of chlamydospores in soil. In the 
presence of 8000 juveniles of M. incognita, even 2400 spores of G. 
mosseae failed to give as many chlamydopsores in soil as were given by 
150 G. mosseae spores in the absence of M. incognita (Table 36). 
Discussion 
Usefulness of AM fungi for plant growth has been reported time 
and again by many workers (Hasan et al, 2003; Jothi and 
Sundarababu, 2000, 2002). In the present study AM fungus. Glomus 
mosseae was found to be beneficial for the growth and development of 
tomato var. Pusa Ruby. G. mosseae resulted an increase in length, fresh 
weight in the plant. The increase in these growth parameters was higher 
in plants inoculated with higher inoculum levels of G. mosseae. 
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Table : 35 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the Number of chlamydospores per cm root in tomato plants 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
-
20.8±2.7 
22.2±1.3 
24.4±1.9 
26.2±3.6 
28.2±3.6 
24.3 
250 
-
21.4±3.2 
22.0±1.0 
23.6±1.5 
25.4±1.5 
27.4±2.4 
23.9 
Nematode inoculum density (Jj) 
500 
-
19.2±2.2 
21.2±2.9 
22.4±1.8 
25.0±2.0 
26.8±2.9 
22.9 
1000 
-
17.8±1.6 
19.4±1.5 
2i.2±2.0 
20.8±1.6 
22.8±2.0 
20.4 
2000 
-
19.6±1.6 
22.4±1.9 
18.8±2.3 
19.6±1.3 
23.6±1.8 
20.8 
4000 
-
18.8±2.1 
19.6±1.8 
22.8±2.7 
24.8±2.7 
25.4±2.5 
22.2 
8000 
-
15.4±2.4 
18.8±3.2 
20.6±1.6 
22.8±1.7 
24.2±3.5 
20.3 
Mean 
-
19.0 
20.8 
21.9 
23.5 
25.4 
L.S.D at 5% G. mosseae = 1 . 0 M. incognita = 1 . 2 Interaction=NS 
Table : 36 Interaction effect of spore density of Glomus mosseae and population of Meloidogyne 
incognita on the Number of chlamydospores per lOOg in soil 
Spore 
Density 
Control 
150 
300 
600 
1200 
2400 
Mean 
Control 
-
692±40 
691±92 
704±67 
710±52 
802±100 
719 
L.S.Dat5% C. 
Mean ± SD 
250 
-
688±112 
681±75 
704±91 
710±64 
785±100 
713 
mosseae = 
Nematode inoculum density (J2) 
500 
-
697±73 
654±73 
756±111 
675±94 
785±100 
713 
37 
1000 
-
684±I09 
634±67 
712±114 
729±74 
755±66 
702 
2000 
-
582±74 
588±46 
707±70 
725±85 
800±77 
680 
M. incognita = 44 
4000 
-
578±42 
565±76 
587±50 
688±96 
530±76 
589 
8000 
-
375±49 
284±16 
417±61 
484±48 
544±74 
420 
Interaction=NS 
Mean 
-
613 
585 
655 
674 
714 
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Fig. 31 Interaction effect of spore density of Glomus mosseae and 
population of M. incognita on the number of chlamydospores 
in root and in soil formed by Glomus mosseae in tomato 
However, increase in inoculum level from 1200 to 2400 spores didn't 
result in corresponding increase in the value of many of the growth 
parameters studied. There are several reports of positive effect of G. 
mosseae inoculation (Hasan et al, 2003; Jothi and Sundarababu, 
2000). 
The improvement in plant growth characterstics in mycorrhizal 
plants compared to control indicates the existance of complex but 
beneficial physiological and biochemical relationship between G. 
mosseae and tomato. AM fungi have been reported to alter the 
physiology of roots of their hosts (Graham, et al, 1981) causing changes 
in phytohormone levels (Allen, et al, 1980) and photosynthetic rate 
(Allen etal., 1981). 
The increase in N, P and K contents of tomato plants due to G. 
mosseae inoculation indicates that the native isolates of AM fungi 
improve the absorption of nutrient by host plants. This supports earlier 
findings that mycorrhizal infection can cause a beneficial physiological 
effect on host plants by increasing uptake of soil phosphorus 
(Gerdemann, 1968, 1975) and also help in the transport of P in cowpea 
(Manjunath and Bagyaraj, 1984). Improved nutrient status in the 
mycorrhizal plants resulted in increased biomass production and 
growth potential. Better growth of cotton plants with Gigaspora 
calospora and G. margarita has been reported earlier by Roncadori and 
Hussey (1977). Similar results have been obtained for sorghum, upland 
rice and other crops (Singh and Tilak, 1990). The tomato plants treated 
with G. m.osseae exhibiting well developed mycorrhizal colonization 
support the view that increased absorptive surface area contributed by 
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the soil mycelium allows phosphorus uptake from a much greater soil 
volume (Tinker, 1975; Rhodes and Gerdemann, 1978) and the host 
growth is frequently enhanced particularly in P deficient soils (Mosse, 
1973) together with enhanced uptake of other elements like Zn, S, Mn, 
Ca, etc (Mosse, 1981).Mycorrhizal infection has been shown to effect 
rhizosphere populations (Ames et ai, 1984; Mayer and Lindermann, 
1986). Furthermore, rhizosphere organisms have been shown to effect 
plant growth through hormone production and changes in nutrient 
availability (Bowen and Rovira, 1976; Rovira, 1957; Tinker, 1984). 
Several reports have shown that a host plant previously 
inoculated with an AM fungal symbiont exhibits incresed resistance to 
several root diseases (Zak, 1964; Marx, 1973). The potential role of 
mycorrhizal fungi as biocontrol agents for nematode infection has 
received considerable attention (Saleh and Sikora, 1984; Oliveira and 
Zambolin, 1986). Generaly, the severity of nematode disease is reduced 
in mycorrhizal plants (Saleh and Sikora, 1984; Cooper and Grandison, 
1986). In the present study the harmful effect of Af. incognita on tomato 
plants was reduced considerably by the presence of G. mosseae. The 
reduction in the severity of the disease was greatest when higher 
inoculum levels of G. mosseae was applied. In several studies, AM fungi 
have exhibited antagonistic influence on the population of plant 
parasitic nematodes (Grandison and Cooper, 1986; Kellam and 
Schenck, 1980; Hussey and Rancodori, 1978). Present study indicated 
that the presence of G. mosseae resulted in decreased population of M. 
incognita. The establishment of arbuscular mycorrhiza in plants usually 
confers resistance to nematode parasitism (Smith et at, 1986; Hussey 
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and Roncadori, 1978). Such findings conform the present study where 
length, fresh weight, dry weight a s well as nutrient s ta tus of nematode 
infected plants was improved by the presence of G. mosseae. Obviously, 
there was a reduction in the severity of the disease in the presence of G. 
mosseae. Other workers have also shown that nematode susceptible 
plants colonized by endomycorrhizal fungi are better able to tolerate 
plant pathogenic nematodes by showing better growth (Fox and Spasoff, 
1972; Sitaramaiah and Sikora, 1981; Palacino and Leguizama, 1991; 
Sikora and Sitaramaiah, 1995; Jothi and Sundarababu, 2000; Hasan et 
al, 2003). In the present study low number of nematodes in root, eggs 
and egg masses and galls per root system were observed in p lants 
treated with G. mosseae. AM fungal colonized roots have been found to 
be less penetrated by the nematode and have also proved to be 
unfavourable sites for gall formation. Sikora (1978) found tha t G. 
mosseae alters the attractiveness of the root system to M. incognita 
larvae. Decreased larval penetration, retarded nematode development in 
mycorrhizal roots, and the adverse effect of AM fungi on nematode 
reproduction was also observed by (Sitaramaiah and Sikora, 1981; Mac 
Guidwin et al, 1985; Osman et al, 1990; Ahmed and Al Sayed, 1991; 
Shankaranarayanan and Sundarababu, 1994). 
Application of M. incognita decreased the mycorrhizal infection 
and sporulation of G. mosseae, though the mycorrhization increses with 
the increase in G. mosseae inoculum levels. High populations of either 
of these organisms resulted in low populations of the other. Bird et al 
(1974), Rich and Bird (1974), Schenck and Rinloch (1974) and 
Lindermann (1985) also obtained similar results in the field 
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observations relating the incidence of mycorrhizal fungi to the incidence 
of endoparasitic nematodes. Nematode influence mycorrhizal 
colonization of G. fasciculatum on cowpea (Lingaraju and Goswami, 
1993). Similar results were also obtained by Atilano et al. (1981). 
Summary 
Interaction between G. mosseae and M. incognita was studied at 
multiple inoculum levels. Presence of G. mosseae resulted in increased 
values of growth parameters and nutrient content both in the presence 
as well as absence of Af. incognita. The increase in the values were 
higher when higher inoculum levels of G. mosseae inoculum were used. 
The mycorrhization parameters increased with increasing level of G. 
mosseae. 
Presence of Af. incognita had an adverse impact on the growth and 
development of tomato plants both in the presence as well absence of G. 
mosseae. Consequentiy, M. incognita infected plants had lower values of 
growth parameters and nutrient content. The decrease in these values 
was greater when higher inoculum levels of M. incognita were used. 
Internal and external colonization by the AM fungus, the percentage of 
arbuscules and the number of chlamydospores in soil and in root were 
adversely effected by the nematode. When higher inoculum levels of the 
nematode were used there was a corresponding increase in the values 
of nematode infection and multiplication parameters. 
In general, there was increase in the value of growth parameters 
and nutrient status and decrease in the infection and multiplication of 
M. incognita with the corresponding increase in the level of G. mosseae 
inoculum. But most of the parameters studied there was no significant 
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difference in the values obtained at 1200 and 2400 spores per plant. 
This implies that 1200 spores of G. mosseae per plant is the appropriate 
inoculum level for growth and development of tomato var. Pusa Ruby as 
well as for the suppression of root-knot disease caused by M. incognita 
under glasshouse conditions. 
The severity of the root-knot disease (as reflected by its adverse 
impact on the growth and development of tomato and on the infection 
and development of G. mosseae) increased with the increase in the 
inoculum of M. incognita. But no significant difference was observed 
between inoculum levels of 4000 and 8000 juveniles per plant. 
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SECTION - IV 
SECTION IV 
Effect of N, P and K fertilizers and Pseudomonas fluorescens on 
the development of root-knot nematode, Meloidogyne incognita on 
tomato 
Introduction 
Root-knot nematode, Meloidogyne incoginta is one of the most 
important pathogens of tomato. The destructive nature of this nematode 
in tomato has been reported by many workers (Babu and Suguna, 
2000, 1998; Talavera et al, 2001; Rao et al, 2000). The average loss for 
tomato due to root-knot nematode on a worldwide basis has been 
estimated to be 20.6 per cent (Sasser, 1989). In India, the loss inflicted 
by this nematode on the yield of tomato is 39-46 per cent (Bhatti and 
Jain, 1977; Reddy, 1985). An inoculum level of 2000 juveniles per plant 
in artificial conditions may reduce total yield by around 17 per cent and 
market value by around 9 per cent (Khan and Khan, 1996). 
In view of the wide host-range of root-knot nematodes and 
enormity of yield losses inflicted to agricultuarlly important crops, a 
number of control measures have been devised and used to manage 
this important parasite of vegetables. Some bacteria have shown their 
ability to antagonize plant parasitic nematodes (Stirling, 1991). Some of 
these, like Pseudomonas fluorescens contribute to suppression of 
nematode population by producing toxic metabolites and/or soluble soil 
nutrients (Brown and Kerry, 1987). According to Leisinger and Margraff 
(1979) fluorescent pseudomonads produce number of secondary 
metabolites that possess anti-microbial activity. 
Suppression of Meloidogyne incognita by P. Jluorescens has been 
reported by many workers (Siddiqui et al, 2003; Siddiqui and 
Mahmood, 2003; Siddiqui and Showket, 2003 and Siddiqui et al, 
2001). Shanthi et al. (1998) reported that application of P. fluorescens 
reduces the severity of root-knot infection in grapevine. Hanna et al. 
(1999) reported that P. fluorescens increased the mortality levels of 
juveniles and adults of M. incognita. 
Crop nutrition has been known to effect the root-knot disease on 
a variety of crops (Oteifa, 1953 and Heinmann, 1972). Nitrogen has 
been shown to increase the numbers of several plant pests including 
nematodes (Tondon, 1973). Ross (1959) on the other hand reported that 
nitrogenous fertilizers reduce the population of nematodes. Similarly, 
Upadhayay (1969) reported urea as the most effective one in reducing 
the number of nematodes among the fertilizers tested. Fertilizers have 
been reported to increase the tolerance of M. incognita infected plants 
(Balogun and Babatola, 1990). In some studies, nematode infestation 
was found to be minimum in plants supplied with a combination of all 
three fertilizers (Sharma and Khan, 1995). It has been reported that 
manipulation of fertilizer may influence nematode development and 
reproduction (Alchtar et al, 1998). There is not much information 
regarding the role of inorganic fertilizers (N, P and K) on the interaction 
between M. incognita and P. fluorescens. Siddiqui et al (2001) reported 
that P. fluorescens was more effective in promoting plant growth and 
suppressing nematode multiplication when used alongwith N, P and K 
fertilizers. In the present study, an effort has been made to understand 
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the role of N, P and K fertilizers on the interaction of M. incongita and P. 
fluorescens. 
Materials and methods 
The experiment was conducted under glasshouse conditions. The 
root - knot nematode Meloidogyne incognita (Kofoid and white) 
Chitwood was the test pathogen. Pseudomonas fluorescens and 
inorganic fertilizers (urea, single super phosphate and muriate of 
potash) were applied alone and in combination to tomato (var. Pusa 
Ruby). For the determination of effective dose of fertilizer, a preliminary 
investigation was carried out using different levels of N, P and K 
fertilizers (Table 37). 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30 cm 
diameter) from seeds surface sterilized with 0.01% mercuric chloride. 
The Surface sterilized seed were sown in pots filled with autoclaved 
sandy loam soil (66% sand and, 24% silt, 8% clay and 2% OM , pH 7.7.) 
Preparation of nematode inoculum 
Large number of Af. incognita egg masses were hand picked, using 
sterilized forceps, from heavily infected brinjal roots on which a pure 
culture of the nematode was maintained. These egg masses were 
washed in distilled water and then placed in 10 cm diameter 15 mesh 
coarse sieves containing crossed. layers of tissue paper and placed in 
petriplates containing water just deep enough to contact the egg 
masses. The hatched juveniles were collected from the petriplates every 
24 hours iand fresh water was added to the petriplates. The 
concentration of second stage juveniles of M. incognita in the water 
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Table : 37 Inoculation Schedules for experiment IV A 
Treatments 
Control 
PF 
MI 
PF+MI 
To 
+ 
+ 
+ 
+ 
Ti 
+ 
+ 
+ 
+ 
FertilLeers 
T2 
+ 
+ 
+ 
+ 
T3 
+ 
+ 
+ 
+ 
Amount of fertilizers (mg / pot of 1 kg soil) supplied in the experiments 
To Li T2 T3 
Experiment IV-1 N - 0 
Experiment IV-2 P - 0 
Experiment IV-3 K - 0 
N-300 
P-125 
K-200 
N-600 
P-250 
K-400 
N -1200 
P-500 
K-800 
Table : 38 Inoculation schedule for experiment IV B 
Inoculation 
treatments 
Control 
PF 
MI 
PF + MI 
Control 
+ 
+ 
+ 
+ 
N 
+ 
+ 
+ 
+ 
P 
+ 
+ 
+ 
+ 
K 
+ 
+ 
+ 
+ 
NP 
+ 
+ 
+ 
+ 
NK 
+ 
+ 
+ 
+ 
PK 
+ 
+ 
+ 
+ 
NPK 
+ 
+ 
+ 
+ 
Amount of N, P and K applied respectively are 300,125 and 200 mg/ pot 
PF — Pseudomonas Jluorescens (2 ml / pot) 
Ml -Meloidogyne incognita (2000 Jj / pot) 
suspension was adjusted so tJiat each millimliter contained 200 ± 5 
nematodes. Ten ml of this suspension cotaining 2000 freshly hatched 
juveniles were added to each pot. 
Pseudomonas fluorescens inoculum 
Pure culture of Pseudomonas fluorescens (Threvesan) Migula was 
procured from Institute of Microbial Technology (IMTECH), Chandigarh. 
Subculturing of the bacterium was done on nutrient broth. The broths 
were incubated in a BOD incubator at 37.80C for 2-3 days (Ricker and 
Ricker, 1936). Thereafter, streaking with pure culture of P. fluorescens 
was done on FNA (Fluorescein denitrification agar) in petriplates. The 
bacteria were scrapped from the plates and cell suspension prepared 
(Cappucinno and Sherman, 1980). Each ml of the suspension contained 
108 bacterial cells. 10 ml suspension was poured around each seedling 
for inoculation. 
Experiment IV A 
A preliminary investigation was done to determine the effective 
dose of N, P and K fertilizers. This was carried out seperately for the 
each fertilizer. The effectiveness of the fertilizers was studied in terms of 
its effect on plant length, fresh weight, dry weight and nutrient content. 
The effect on infection and multiplication of M. incognita was also 
studied. The following three experiments were conducted for this 
purpose. 
1. A pot trial was conducted in completely randomized block design 
to study the effect of Pseudomonas fluorescens, root knot 
nematode, M. incognita, and four nitrogen levels on tomato in 
relation to plant growth, root-knot disease and mycorrhization. 
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The soil was mixed for 15 minutes witJi N as urea (NH2 CO NH2) 
that had been ground to pass a 250 jim sieve. Added N levels 
were 0, 300, 600 and 1200 mg N/Kg soil. At each level of 
nitrogen, P. fluorescens and M. incognita were added to the pots to 
give the treatments mentioned in the inoculation schedule (Table 
37). 
2. This experiment was conducted to determine the most effective 
dose of P fertilizer. Different levels of P fertilizer were used 
alongwith P. fluorescens and/or M. incognita. Single super 
phosphate (SSP) was added at rates equivalent to 0, 125, 250 and 
500 mg P/Kg soil. Growth of inoculated plants without added P 
was compared with plants grown in soil with applied P levels. Soil 
and inocula were prepared as above and the treatment schedule 
is given in Table 37. 
3. In this experiment, potassium as muriate of potash (KCl) was 
added to the soil (1 Kg/pot) prior to seedling transplantation at 
the levels of 0, 200, 400 and 800 mg/Kg soil. The procedure was 
the same as already described above. The inoculation schedule is 
given in Table 37. 
Experiment IV B 
The dose of each fertilizer giving optimum response in the 
presence of P. fluorescens and M. incognita in the preliminary 
investigation was used singly as well as in all possible combinations 
with P. fluorescens and M. incognita on tomato grown in sterilized sandy 
soil. The selected fertilizer doses were Ni = 300 N/Kg soil; Pi = 125 mg 
P/Kg soil and Ki = 150 mg K/Kg soil. Before transplanting the 
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seedlings, the pot soil was thoroughly mixed with fertilizers as per the 
applied levels viz., 1. Control (NoPoKo), 2. Nitrogen alone (NiPoKo), 3. 
Phosphorus alone (NoPiKo), 4. Potassium alone (NoPoKi), 5. Nitrogen 
+Phosphorus (NiPiKo), 6. Nitrogen + Potassium (NiPoKi), 7. Phosphorus 
+ Potassium (NoPiKi) and 8. Nitrogen + Phosphorus + potassium 
(NiPiKi). Soil inoculum was prepared as described above and 
inoculation schedule is given in Table 38. The treatments were 
replicated five times and arranged in a completely randomised block 
design. The plants were maintained in a glasshouse bench with the 
temperature ranging ft-om 28-35°C. The plants were harvested at 60 
days after inoculation and all the parameters studied in section III were 
studied in this section also. Data from all the experiments were 
analysed by analysis of variance in factorial design as mentioned by 
Dospekhov (1979) and L.S.D. was calculated at P = 0.05 as given in 
ANOVA models in the appendix F to I 
Results 
Experiment IV A 
Nitrogen application 
The effect of applied nitrogen on the plant length in plants treated 
with a combination of P. fluorescens + M. incognita, did not generally 
differ from that of the control, although plants inoculated with P. 
fluorescens did support significantly better growth than the control. 
Significant reduction in the plant length was recorded in plants infected 
with M. incognita. The interaction effect was found to be significant and 
the plant length in the soil amended with 300 mg N/Kg soil proved to be 
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Table 39: Effect of added N levels on plant length of P.fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
54.1 
60.3 
42.3 
55.9 
53.1 
Inoculation: 
Levels of applied N(mg/pot| 
3 0 0 
58.3 
68.4 
44.5 
67.0 
59.7 
=4.8 
6 0 0 
65.8 
70.1 
44.7 
66.4 
61.8 
N levels =4.8 
1 
1200 
69.1 
68.7 
45.5 
68.5 
63.0 
Interaction 
Mean 
61.8 
66.9 
44.4 
64.5 
=9.6 
Table 40: Effect of added N levels on plant fresh weight of P.fluorescens and 
M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
35.5 
42.8 
29.1 
40.4 
36.7 
Levels of 
3 0 0 
41.9 
53.6 
31.6 
49.3 
44.1 
applied N(mg/pot) 
6 0 0 
51.0 
50.6 
30.4 
50.1 
46.0 
1200 
49.8 
50.9 
31.3 
49.5 
46.2 
Mean 
44.5 
49.5 
30.6 
47.9 
L.S.D at 5% Inoculation=3.4 N levels =3.4 Interaction =6.8 
Table 41: Effect of added N levels on plant dry weight of P.fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
7.71 
9.22 
6.33 
8.73 
8.00 
Inoculation: 
Levels of 
3 0 0 
9.33 
10.0 
6.54 
10.57 
9.36 
applied N(mg/pot) 
6 0 0 
10.83 
10.85 
6.59 
10.63 
9.73 
=0.63 N levels = 0.63 I 
1200 
10.99 
11.12 
6.71 
10.74 
9.89 
nteractioi 
Mean 
9.72 
10.54 
6.54 
10.17 
I =1.26 
similar to that of the control. However, there was significant increase in 
plant length at the other nitrogen levels compared to control (Table 39). 
Application of 300 mg N/Kg soil significantly increased the plant 
fresh weight compared to control. No significant difference in plant fresh 
weight could be observed in plants supplied with 600 and 1200 mg 
N/Kg soil level conipared to 300 mg N/Kg soil level. M. incognita 
significantly suppressed the plant fresh weight. In contrast, P. 
fluorescens significantly increased the plant fresh weight irrespective of 
the presence or absence of M. incognita to that of the control. The 
interaction effect was found to be significant and it was found that 
nitrogen requirement in uninoculated plant was 600 mg N/Kg soil, 
whereas with P. fluorescens and in combination of P. fluorescens + M. 
incognita treatments, 300 mg N/Kg soil was sufficient to support a 
significant increse in plant fresh weight over that of the control (Table 
40). 
The dry weight of the plants dropped in the absence of nitrogen 
application. At all levels of N studied, the dry weight showed almost 
similar values, without any significant variation. Increased plant dry 
weight was observed in plants treated with P. fluorescens, irrespective of 
the presence or absence of M. incognita compared to control. M. 
incognita showed negative effect and reduced shoot significantly 
compared to the control. In combined treatment, increased plant dry 
weight was observed. Application of P. fluorescens reduced the N 
requirement to 300 mg N/Kg soil compared to the 600 mg N/Kg soil 
required in control (Table 41). 
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Table 42: Effect of added N levels on nitrogen content of P.fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
2.22 
2.26 
2.13 
2.34 
2.24 
Inoculations 
Levels of applied N(mg/pot) 
3 0 0 
2.29 
2.24 
2.20 
2.27 
2.28 
NS 
6 0 0 
2.43 
2.53 
2.27 
2.56 
2.47 
N levels =0.2 
1 
1200 
2.58 
2.72 
2.49 
2.63 
2.60 
Interaction 
Mean 
2.38 
2.44 
2.30 
2.48 
=NS 
Table 43: Effect of added N levels on phosphorus content of P.fluorescens and 
M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
0.329 
0.364 
0.309 
0.365 
0.342 
Levels of 
3 0 0 
0.399 
0.390 
0.334 
0.385 
0.359 
applied N(mg/pot) 
6 0 0 
0.367 
0.382 
0.317 
0.397 
0.366 
1200 
0.374 
0.394 
0.334 
0.395 
0.374 
Mean 
0.352 
0.382 
0.321 
0.385 
L.S.D at 5% Inoculation=0.03 N levels = 0.03 Interaction =NS 
Table 44: Effect of added N levels on potassium of P.fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
1.98 
2.28 
1.90 
2.20 
2.09 
Inoculation: 
Levels of 
3 0 0 
2.21 
2.35 
2.06 
2.30 
2.23 
=0.18 
applied N(mg/pot) 
6 0 0 
2.29 
2.43 
2.31 
2.30 
2.33 
N levels =0.18 
1200 
2.39 
2.45 
2.32 
2.42 
2.39 
Mean 
2.22 
2.38 
2.15 
2.30 
Interaction =NS 
Table45: Interaction effect of nitrogen, P fluorescens and M. incognita on 
the nematode population per 100 g soil 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
— 
8714 
4666 
6690 
Inoculation: 
Levels of applied N(mg/pot) 
300 
-
— 
8829 
4690 
6759 
=236 
600 
-
-
8650 
4401 
6525 
N levels =NS 
1200 
-
-
8423 
4285 
6354 
Mean 
-
-
8654 
4510 
Interaction =NS 
Table 46: Interaction effect of nitrogen, P fluorescens and M. incognita on 
the nematode population per gram root 
Inoculation 
treatments 
Levels of applied N(mg/pot) 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
164 
14 
89 
Inoculation: =5 
300 
-
-
166 
15 
90 
600 
-
— 
147 
15 
81 
N levels '• =5 
1200 
-
— 
119 
12 
67 
Mean 
-
— 
149 
14 
Interaction =10 
Table47: Interaction effect of nitrogen, Pfluorescens and M. incognita on 
the number of egg masses per root system 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
— 
65 
5 
35 
Inoculation: 
Levels of 
300 
-
_ 
69 
7 
38 
=4 
applied N(mg/pot) 
600 
-
_ 
50 
6 
28 
N levels = 
1200 
=4 
-
41 
6 
47 
Interaction 
Mean 
_ 
_ 
54 
6 
=8 
Table 48: Interaction effect of nitrogen, P fluorescens and M. incognita onthe 
number of eggs per egg mass 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
-
-
95 
68 
81 
Levels of 
300 
-
— 
95 
72 
83 
applied N(mg/pot) 
600 
-
-
97 
61 
79 
1200 
-
-
100 
65 
82 
Mean 
-
-
97 
66 
L.S.D at 5% Inoculation= 13 N levels =NS Interaction =NS 
Table49: Interaction effect of nitrogen, P fluorescens and M. incognita on the 
number of galls on root system 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
193 
12 
102 
Inoculation=7 
Levels of applied N(m 
300 
-
-
180 
11 
95 
600 
— 
— 
162 
11 
86 
N levels =7 
g/pot) 
1200 
— 
_ 
138 
12 
75 
Interaction 
Mean 
— 
_ 
168 
12 
= 14 
The nitrogen content of plants increased as soil N levels increased 
from 0 to 1200 mg N/Kg soil. The N contents of the plants increased 
marginally when soil was amended with 300 mg N/Kg soil compared to 
control. The N content exhibited significant variation when plants were 
supplemented with N levels above 300 mg N/Kg soil and increased with 
the increase in N levels (Table 42). 
There was a significant increase in P and K contents under 1200 
mg N/Kg soil treatment in comparision to control. In soil amended with 
300, 600 and 1200 mg N/Kg soil, the P and K contents of the plants 
proved to be marginally and not significantly altered. There was no 
difference in N content between different treatments, but P and K 
contents in plants inoculated with M. incognita were significantly 
reduced compared to P. fluorescens inoculated plants. The interactive 
effect of nitrogen, nematode and P. fluorescens proved to be non-
significant (Tables 43-44). 
In soil not amended with N, P. fluorescens significantly 
suppressed the soil and root populations of M. incognita. Egg mass 
production, fecundity and root galling also declined. In the soil 
amended with 600 and 1200 mg N/Kg soil, there were significantly 
lower root population, number of galls per root system and eggs per egg 
mass compared to control (Tables 45-49). 
Phosphorus application 
The length of tomato plants showed a significant increase due to 
phosphorus application upto 125 mg/pot. Further increase in P level 
did not enhance plant length. Plants inoculated with P. fluorescens 
resulted a significant increase in plant length compared to the 
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Table 50: Effect of added P levels on plant length of P. fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
51.0 
57.2 
40.8 
51.3 
50.1 
Inoculation: 
Levels of applied P(mg/pot) 
125 
52.8 
65.6 
42.6 
61.7 
55.8 
=4.5 
2 5 0 
60.9 
67.9 
42.2 
62.7 
58.4 
P levels =4.5 
5 0 0 
65.1 
66.6 
44.0 
66.9 
60.4 
Interaction 
Mean 
57.5 
64.1 
42.4 
60.8 
=9.0 
Table 51: Effect of added P levels on plant fresh weight of P. fluorescens and 
M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
34.0 
41.6 
26.6 
37.8 
35.0 
Inoculation: 
Levels of applied P(mg/pot) 
125 
38.0 
49.2 
30.1 
49.3 
40.7 
=3.3 
2 5 0 
47.0 
48.4 
27.8 
47.6 
42.7 
P levels =3.3 
5 0 0 
47.6 
48.7 
28.2 
46.0 
42.6 
Interaction 
Mean 
41.7 
47.0 
28.2 
44.2 
=6.6 
Table 52: Effect of added P levels on plant dry weight of P. fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
7.71 
9.22 
6.33 
8.73 
8.00 
Levels of 
125 
9.33 
10.0 
6.54 
10.57 
9.36 
applied P(mg/pot{ 
2 5 0 
10.83 
10.85 
6.59 
10.63 
9.73 
1 
5 0 0 
10.99 
11.12 
6.71 
10.74 
9.89 
Mean 
9.72 
10.54 
6.54 
10.17 
L.S.D at 5% Inoculation=0.65 P levels =0.65 Interaction =1.30 
uninoculated control. M. incognita on the other hand, significantly 
suppressed the plant length. At the zero level of P, combined effect of P. 
fluorescens and M. incognita did not differ from the control. The 
interaction was significant in general and the maximum plant length 
was recorded at a lower level of P when plants were inoculated with P. 
fluorescsens (Table 50). 
The fresh weight of tomato plants was improved significantly by 
125 mg P/Kg soil over the control. Further increse in P level did not 
improve the fresh weight of of plants. There was a significant reduction 
in shoot fresh weight caused by M. incognita, while inoculation of P. 
fluorescens significantly increased the suppressive action of M. incognita 
under simultaneous inoculation at all levels of P. The interaction effect 
was found to be significant (Table 51). 
The soil amended with 500 P/Kg soil produced the maximum 
incease in dry weight, proved to be highly significant compared to 
control. However, its value proved to be non-significant at 250 mg P/Kg 
soil level. The plant dry weight promoted by P. fluorescens alone as well 
as hy the combination of P. fluorescens + M. incognita did not differ to 
any significant level but was significantly superior to control. All the 
treatments proved to be significantly superior to that of M. incognita 
(Table 52). 
Out of the three elements studied (N, P and K), only the P content 
in plants increased due to P application (Table 53-55). Increase in the P 
content of the plants was significant and proportionate with the 
increasing amount of P treatment. All the three nutrient contents (N, P 
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53: Effect of added P levels on nitrogen content of P. fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
2.13 
2.06 
2.03 
2.11 
2.08 
Inoculation: 
Levels of applied P(mg/pot) 
125 
2.21 
2.34 
2.09 
2.17 
2.20 
=NS 
2 5 0 
1.97 
2.41 
2.03 
2.26 
2.17 
5 0 0 
2.16 
2.49 
1.98 
2.27 
2.23 
P levels =0.02 Interaction 
Mean 
2.12 
2.33 
2.03 
2.20 
=NS 
Table 54: Effect of added P levels on phosphorus content of P. fluorescens 
and M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
0.291 
0.322 
0.271 
0.336 
0.305 
Levels of applied P(mg/pot) 
125 
0.339 
0.356 
0.288 
0.362 
0.336 
2 5 0 
0.372 
0.373 
0.304 
0.379 
0.357 
5 0 0 
0.394 
0.382 
0.324 
0.391 
0.373 
Mean 
0.349 
0.358 
0.297 
0.367 
L.S.D at 5% Inoculation=0.02 P levels =0.02 Interaction =NS 
Table 55: Effect of added P levels on potassium content of P. fluorescens and 
M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
1.84 
2.13 
1.72 
1.84 
1.88 
Inoculation=NS 
Levels of 
125 
2.06 
2.06 
1.83 
1.81 
1.94 
applied P(mg/pot) 
P levels 
2 5 0 
1.99 
2.08 
2.09 
1.78 
1.99 
=0.18 In 
5 0 0 
2.02 
2.11 
1.84 
1.96 
1.98 
iteractioE 
Mean 
1.98 
2.10 
1.87 
1.85 
i=NS 
Table 56: Interaction effect of phosphorus, P. fluorescens and M. incognita on 
the nematode population per 100 g soil 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
7859 
4045 
5952 
Inoculation: 
Levels of applied P(mg/pot) 
125 
-
-
8223 
4212 
6217 
=216 
250 
-
-
8048 
3945 
5996 
P levels =NS 
500 
-
-
8341 
4146 
6243 
Interaction 
Mean 
-
-
8118 
4087 
=NS 
Table 57: Interaction effect of phoshorus, P. fluorescens and M. incognita on 
the nematode population per gram root 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
181 
12 
96 
Inoculation= 
Levels of applied P(mg/pot) 
125 
-
-
195 
15 
105 
11 
250 
-
-
170 
13 
91 
P levels =NS 
500 
-
-
168 
10 
89 
Interaction 
Mean 
-
-
179 
13 
=NS 
Table 58: Interaction effect of phosphorus, P. fluorescens and M. incognita on 
the number of egg masses per root system 
Inoculation 
treatments 
Levels of applied P(mg/pot) 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
72 
5 
38 
Inoculation: =4 
125 
-
-
63 
8 
35 
P levels 
250 
-
— 
67 
6 
36 
=NS 
500 Mean 
— — 
_ _ 
58 65 
7 7 
32 
Interaction =NS 
Table 59: Interaction effect of phosphorus, P. fluorescens and M. incognita on 
the number of eggs per egg mass 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
93 
60 
76 
Inoculation=S 
Levels of applied P(mg/pot) 
125 
-
-
101 
59 
80 
250 
-
-
88 
51 
69 
P levels =5 
500 
-
-
107 
66 
86 
Interaction 
Mean 
-
-
97 
59 
=10 
Table 60: Interaction effect of phosphorus, P. fluorescens and M. incognita on 
the number of galls per root system 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
— 
173 
10 
9 
Inoculation=6 
Levels of applied P(mg/pot) 
125 
-
- . 
151 
8 
155 
P levels 
250 
-
-
146 
12 
79 
=6 
500 
-
-
137 
9 
73 
Interaction 
Mean 
-
— 
152 
10 
= 12 
and K) were significantly higher in plants inoculated with P. fluorescens 
than to those inoculated with M. incognita. 
Amendment of soil with different P levels had no effect on the 
nematode population in soil and root and on the number of egg masses 
per root system in plants inoculated with M. incognita and it was found 
that 0, 125 and 250 mg P/Kg soil levels showed almost similar number 
of eggs per egg mass (Tables 50-60). Plants supplied with 500 mg P/Kg 
soil level exhibited significantly greater number of eggs per egg mass 
compared to those amended with 250 mg P/Kg soil. Number of galls per 
root system was reduced by P application. Inoculation of P. fluorescens 
alongwith M. incognita reduced the nematode population in both soil 
and root, number of egg masses and galls per root system and fecundity 
compared to those inoculated only with M. incognita. 
Potassium application 
Plant length was increased by application of 200 mg K/pot and 
further increase in K level had no effect on total length of the plants. M. 
incognita significantly reduced the plant length while P. fluorescens 
improved the same significantly. The suppressive effect of M. incognita 
was neutralized by P. fluorescens. (Table 61). Application of different K 
levels increased plant fresh weight significantly compared to control. 
Among different inoculation treatments, both P. fluorescens alone and P. 
fluorescens and M. incognita in combination supported an equal amount 
of plant fresh weight which in turn proved to be better than control 
(Table 62). 
The requirement of potassium to promote the dry weight of plants 
significantly was found to be 200 mg K/pot. Further increase in 
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Table 61: Effect of added K levels on plant length of P. fluorescens and M. 
incognita inoculated tomato plants 
Inociilation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
51.9 
57.6 
40.0 
54.7 
51.1 
Inoctilation= 
Levels of 
2 0 0 
57.6 
64.9 
43.0 
85.1 
57.7 
2 .6 
applied K(mg/pot) 
4 0 0 
64.0 
66.0 
42.9 
63.7 
59.2 
K levels = 2 
8 0 0 
66.3 
65.3 
42.9 
64.2 
59.7 
Interaction 
Mean 
60.0 
63.5 
42.2 
62.9 
=5.2 
Table 62: Effect of added K levels on plant fresh weight of P. fluorescens and 
M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
33.7 
40.1 
28.5 
37.3 
34.9 
Levels of 
2 0 0 
41.3 
48.6 
30.0 
48.1 
42.0 
applied K(mg/pot) 
4 0 0 
49.7 
48.7 
29.8 
47.9 
44.0 
8 0 0 
47.3 
48.3 
30.9 
48.6 
43.8 
Mean 
43.0 
46.4 
29.8 
45.5 
L.S.D at 5% Inoculation=2.3 K levels =2 Interaction =4.6 
Table 63: Effect of added K levels on plant dry weight of P. fluorescens and M. 
incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
7.09 
8.32 
5.87 
7.87 
7.29 
Levels of 
2 0 0 
8.50 
9.84 
6.20 
9.42 
8.49 
applied K(mg/pot) 
4 0 0 
9.53 
9.72 
6.15 
9.65 
8.8 
8 0 0 
9.66 
9.74 
6.48 
9.46 
8.84 
Mean 
8.75 
9.41 
6.18 
9.10 
L.S.D at 5% Inoculation=0.51 K levels = 0.5 Interaction =1.02 
potassium did not improve the dry weight significantly. Plants treated 
with P. fluorescens produced the highest dry weight, which proved 
superior to the control and at par with P. fluorescens and M. incognita 
combined inoculations. M. incognita reduced the plant dry weight 
significantly (Table 63). 
Application of K did not significantly affect the P content of the 
plants although K content showed an increase. Application of 200 mg 
K/pot improved the K content significantly compared to control and it 
was significantly low compared to 400 and 800 mg K/pot levels. The 
application of P. fluorescens alone or in combination with M. incogntia 
increased the P content of the treated plants significantly, compared to 
control (Table 64-66). 
The nematode population was not affected to any significant 
extent by the different levels of K (Table 67-71). Root and soil 
populations, number of egg masses, galls and fecundity were reduced 
significantly when both M. incognita and P. fluorescens were inoculated 
together as compared to the plants which were inoculated with M. 
incognita alone. P. fluorescens did not show any impact significantly on 
the number of nematode/g root and number of galls/root system. 
Experiment IV B 
Growth Parameters 
Addition of nitrogen, phosphorus and potassium fertilizers, alone 
and in different combinations, resulted a significant increase in shoot 
length. Maximum shoot length was obtained when all the three 
fertilizers were used together. This was statistically similar to that 
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Table 64: Effect of added K levels on nitrogen content of P. fluorescens and 
Af. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
2.11 
2.33 
2.04 
2.36 
2.21 
Inoculation: 
Levels of applied K(mg/pot) 
2 0 0 
2.17 
2.24 
2.11 
2.34 
2.22 
=NS 
4 0 0 
2.14 
2.27 
2.10 
2.25 
2.19 
K levels =NS 
8 0 0 
2.06 
2.22 
2.15 
2.23 
2.17 
Interaction 
Mean 
2.12 
2.27 
2.10 
2.30 
=NS 
Table 65: Effect of added K levels on phosphorus content of P. fluorescens 
and Af. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
Control 
0.332 
0.366 
0.313 
0.358 
0.342 
Levels of 
2 0 0 
0.313 
0.384 
0.326 
0.371 
0.341 
applied K(mg/pot) 
4 0 0 
0.334 
0.359 
0.302 
0.379 
0.344 
8 0 0 
0.329 
0.371 
0.315 
0.366 
0.345 
Mean 
0.327 
0.370 
0.314 
0.369 
L.S.D at 5% Inoculation=NS K levels =0.03 Interaction =NS 
Table 66: Effect of added K levels on potassium content of P. fluorescens and 
M. incognita inoculated tomato plants 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
1.94 
2.22 
1.89 
2.31 
2.09 
Inoculation: 
Levels of 
2 0 0 
2.06 
2.38 
2.08 
2.49 
2.28 
=0.12 
applied K(mg/pot) 
4 0 0 
2.34 
2.50 
2.20 
2.51 
2.41 
K levels =0.12 
8 0 0 
2.48 
2.52 
2.50 
2.58 
2.52 
Interaction 
Mean 
2.23 
2.41 
2.19 
2.47 
=NS 
Table67: Interaction effect of potassium, P. fluorescens and M. incognita on 
the nematode population per 100 g soil 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
— 
8662 
4759 
6710 
Inoculation^ 
Levels of applied K(mg/pot| 
200 
-
-
8581 
4675 
6628 
=459 
400 
-
-
8748 
4393 
6570 
K levels =NS 
1 
200 
-
-
8361 
5048 
6704 
Interaction 
Mean 
-
-
8588 
4719 
=NS 
Table 68: Interaction effect of potassium, P. fluorescens and M. incognita 
onthe nematode population per gram root 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
— 
138 
14 
76 
Inoculation= 
Levels of applied K(mg/pot) 
200 
-
-
130 
13 
71 
= 16 
4O0 
-
— 
118 
15 
66 
K levels =NS 
800 
-
— 
114 
12 
63 
Interaction 
Mean 
-
— 
125 
14 
=NS 
Table69: Interaction effect of potassium, P. fluorescens and M. incognita on 
the number of egg masses per root system 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
— 
56 
5 
30 
Inoculation: 
Levels of applied K(mg/pot) 
200 
-
_ 
52 
6 
29 
=6.4 
400 
-
_ 
61 
5 
33 
K levels =NS 
800 
— 
50 
4 
27 
Interaction 
Mean 
— 
_ 
55 
5 
=NS 
Table70: Interaction effect of potassium, P. fluorescens and M. incognita on 
the number of eggs per egg mass 
Inoculation 
treatments 
Ck>ntroI 
PF 
MI 
PF+MI 
Mean 
Control 
-
-
88 
68 
78 
Levels of applied K(mg/pot) 
200 
-
-
82 
76 
79 
400 
-
-
95 
64 
79 
800 
-
-
87 
59 
73 
Mean 
-
— 
88 
67 
L.S.D at 5% Inoculation=8 K leveU =NS Interaction =NS 
Table71: Interaction eflect of potassium, P. fluorescens and M. incognita on 
the number of galls on root system 
Inoculation 
treatments 
Control 
PF 
MI 
PF+MI 
Mean 
L.S.D at 5% 
Control 
-
-
192 
13 
105 
Inoculation= 
Levels of applied K(mg/pot) 
14 
200 
-
-
187 
13 
100 
400 
— 
-
200 
9 
104 
800 
-
— 
195 
14 
104 
K levels =:NS Interaction^ 
Mean 
-
— 
194 
12 
=NS 
obtained in plants treated with NP, NK and PK combinations. N, P and 
K fertilizers used alone gave statistically similar shoot length. 
Inoculation with Pseudomonas fluorescens resulted in significant 
increase in shoot length. When inoculated with M. incognita, there was 
a significant reduction in shoot length. When P. fluorescens and M. 
incognita were inoculated together, the shoot length was significantly 
higher than uninoculated control. Inoculation of P. fluorescens along 
with fertilizers gave significantly higher shoot length as compared to 
plant inoculated with P. fluorescens alone. Maximum increase was 
observed when plants were inoculated with P. fluorescens and treated 
with NPK fertilizers. Application of different combinations of fertilizers 
were more effective in promoting shoot length in the presence of P. 
fluorescens as compared to plants received individual dose of fertilizer 
(Table 72). 
All the fertilizer treatments except N, resulted higher root length 
as compared to the untreated control. Combinations of fertilizers 
incx'eased root length more than did by individual application. 
Maximum increase was observed when all the three fertilizers were used 
together. This was statistically similar to that observed in plants treated 
in combinations with NK and PK fertilizers (Table 73). 
As in case of shoot length, P. fluorescens inoculation significantly 
increased root length, while M. incognita inoculation decreased shoot 
length significantly. Inoculation with both the organisms resulted in 
higher shoot length than in uninoculated control. The plants inoculated 
with P .fluorescens and treated with fertilizers gave significantly higher 
root length as compared to plants inoculated with P. fluorescens alone. 
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Legend 
Fertilizer treatments 
1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = 0 B = Pseudomonas fluorescens C = Meloidogyne incognita 
D = P. fluorescens and M. incognita 
Fig. 32 Effect of Pseudomonas fluorescens and N, P and K fertilizers on the 
shoot, root and plant length of tomato in the presence as well as absence 
of M. incognita 
The plant showed maximum increase in root length when P. fluorescens 
was inoculated with PK fertilizers. 
Plant length was significantly increased in fertilizer treated 
plants. Combinations of fertilizers increased plant length more than 
individual treatments. Maxmium plant length was observed in plants 
treated in combination with all the three fertilizers (NPK) together (Table 
74). 
As in shoot and root length, nematode inoculation significantly 
decreased the total plant length, whereas P. fluorescens inoculation 
increased plant length significantly both in the presence as well as in 
the absence of M. incognita. P. fluorescens in combination with fertilizers 
significantly increased plant length as compared to P. fluorescens alone. 
Maximum plant length was observed when P. fluorescens was given in 
combination with NPK fertilizers and was statistically similar to PK 
combination. 
Significant increase was observed in shoot fresh weight when 
plants were treated individually with N, P and K fertilizers, or in 
different combinations. Treatment with PK fertilizer resulted the highest 
shoot fresh weight. This was statistically similar to that observed in NP, 
NK and NPK combinations. Effect of P. fluorescens along with fertilizers 
significantly increase shoot fresh weight as compared to P. fluorescens 
alone. Maximum shoot fresh weight was observed when P. fluorescens 
was treated along with NPK combination (Table 75). 
The individual effect of P. fluorescens and M. incognita inoculation 
on root fresh weight was the same as observed in shoot fresh weight. P. 
fluorescens resulted an increase in root fresh weight significantly in the 
92 
V 
w 
e 
09 
i 
2 i 
e 
5 
"S. 
§ 
E o 
u 
B 
• o 
B 
m 
r 
B 
a: 
•2 
1.1 
11 
i4 
CLI 
z 
CN 
I> 
+1 
r<^  
^^  
*o 
00 
00 
-H 
O 
*—• t~-
lO 
in 
•H 
rn 
O 
•/^  
CN 
C^ 
-H 
p 
O 
t^ 
U2 
z 
Su 
z 
o 
u 
u 
— 
XI 
n 
H 
. i : : B 
•i s 
o 
• ^ 
w 
^ OS r--
<T> 
00 
-H 
r-
>r> 
<o 
q 
i -H 
-H 
r--
CO 
vd 
-H 
o 
vd 
^ 
00 
t-^ 
-H 
• ~ . 
r-
o 
00 
-H 
0 0 
O 
-H 
<N 
-H (^ 
vd 
B 
O 
U 
vO 
00 
•H 
0 \ 
t> 
-H 
0 0 
I—I vO 
CTv 
•H 
<N 
VO 
00 
-H 
r<i 
V O 
in 
ON 
-H 
Ov 
>n 
b. 
CN - - I 
in 
-H 
oo 
in 
-H 
0 0 
+1 
(N 
•51-
- H 
O 
-H 
oo 
o 
-H 
vd 
cs 
-H 
OS 
VO 
t^ 
in 
-H 
q 
in 
-H 
vd 
V O 
(N 
CO 
-H 
O 
V O 
CO 
1> 
-H 
V O 
CN 
00 
-H 
J ; 
VO 
1—t 
-H 
so 
OS 
i -H 
VO 
CO 
vD 
•H 
(N 
O 
V O 
•H 
rn 
wo 
a. 
VO 
OS 
so 
M l 
V i 
o 
Ov 
i 
J 3 
2 i 
I 
o 
o 
w 
JS 
B 
O 
B* 
_o 
C9 
_ B 
15 E 
o 
u 
• a 
B 
OS 
_o 
1. 
• a 
B 
09 
s 
a; 
15 
B 
09 
V 
z 
z 
H 09 
l l 
«o 
o 
CN • * 
CN 
r-; 
VO 
CO 
en 
(N 
vd 
o 
o\ 
CO 
-H 
vd 
Cvj 
00 
•H 
OS 
oo' 
00 
in 
CO 
+1 
en 
CO 
CO 
-H 
o 
CN 
O 
U 
CN 
CO 
M 
O 
"^  
-H 
CN 
o 
m 
VO 
•H 
0 0 
CN 
-H 
OS 
in 
-H 
o 
oo' 
-H 
0 0 
•<«^  
in 
CO 
-H 
CN 
CO 
CO 
CN 
•H 
<o 
CN 
C3V 
-H 
(Jl 
CO 
-H 
m 
'J-
• H 
o\ 
0 0 
CO 
CN 
-H 
CO 
in 
-H 
0 0 
vd 
t^ 
<N 
-H 
f n 
OS 
^ 
-H 
CSI 
CO 
-H 
•^ ' 
CN 
.—( 
-H 
V O 
CO 
-H 
C O 
d 
in 
-H 
O O 
vd 
CN 
-H -H 
T t 
f l 
p 
-H 
q 
csj 
-H p 
CN 
t^ 
-H 
CN 
m 
CO 
CN 
-H 
Csj 
CN 
CN 
q 
-H (N 
d 
rn 
+ 
<n 
z 
II 
B 
_o 
**-
u 
09 
L. 
W 
B 
V i 
en 
en 
vq 
CN 
VO 
CN 
L 
1 
u 
o 
CN 
OS 
I 
i 
Ml "r 
' -H 
presence as well as absence of Af. incognita. M. incognita inoculated 
plants alone caused significant reduction in root fresh weight. P. 
fluorescens along with fertilizer significantly increase root fresh weight 
as compared to inoculation with P. fluorescens alone. Maximum root 
fresh weight was observed when P. fluorescens was treated along with 
NP combination (Table 76). 
Treatment with fertilizers resulted in significantly higher plant 
fresh weight compared to control. Maximum increase in plant fresh 
weight was observed in plants treated with PK combination. This was 
statistically similar to that observed with NP, NK and NPK treatments. 
M. incognita inoculation caused significant decrease in plant fresh 
weight. P. fluorescens inoculation caused significant increase in plant 
fresh weight both in the absence as well as presence of M. incongita. 
Highest plant fresh weight was observed in P. fluorescens inoculated 
plants treated with NPK fertilizers, while lowest plant fresh weight was 
observed in plants inoculated with M. incognita (Table 77). 
Significant increase was recorded in shoot as well as whole plant 
dry weight when treated individually with N, P and K fertilizers, or in 
different combinations. Highest shoot and plant dry weights were 
observed when plants were treated with a combination of all three 
fertilizers. Root dry weight was increased non-significantly by N and P 
treatments, and significantly by K and other fertilizer (combination) 
treatments. Root dry weight too was increased maximally when all three 
fertilizers were used together. 
Shoot, root as well as whole plant dry weights were increased 
significantly when plants were inoculated with P. fluorescens both in the 
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Legend 
Fertilizer treatments 
1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
inoculation treatments 
A = 0 B = Pseudomonas fluorescens C = Meloidogyne incognita 
D = P. fluorescens and M. incognita 
Fig. 33 Effect of Pseudomonas fiuorescens and N, P and K fertilizers on the 
shoot, root and plant fresh weight of tomato in the presence as well as 
absence of M. incognita 
presence and absence of M. incognita. The nematode inoculated alone 
decreased shoot, root and whole plant dry weight significantly. 
Significant increase was observed in shoot as well as plant dry weight 
when plants were inoculated with P. fluorescens and treated with 
fertilizers as compared to plaxits inoculated with P. fluorescens alone. 
Maximum shoot and plant dry weight was observed when plants were 
inoculated in combination with P. fluorescens along with NPK 
fertilizers(Tables 78-80). 
Nutrient Status 
Significant improvement in nitrogen (N) content was observed 
when nitrogenous fertilizer was applied alone or in combination. P, K 
and PK treatments didn't alter N content significantly. M. incognita 
inoculation significantly reduced the N content in plants, but in the 
presence of P. fluorescens, M. incognita failed to alter the N content 
significantly. P. fluorescens inoculation alone had no significant impact 
on N content of the plants. The plants inoculated with P. fluorescens 
along with fertilizers resulted significantly higher N content as 
compared to inoculation with P. fluorescens alone . The plants treated 
with P, K, and PK did not show any significant increase in N content 
irrespective of presence or absence of P. fluoresence{Tah\e 81). 
Phosphorus (P) content was not improved significantly when P, N 
or K fertilizers were given singly, or when NK combination was used. 
NP, PK and NPK combinations resulted in significant increase in P 
content. Maximum increase was observed when PK combination was 
used, and it was statistically similar to that observed in NPK treated 
plants. 
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Fertilizer treatments 
1 =0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = 0 B = Pseudomonas ftuorescens C = Meloidogyne incognita 
D = P. fiuorescens and M. incognita 
Fig. 34 Effect of Pseudomonas fiuorescens and N, P and K fertilizers on the 
shoot, root and plant dry weight of tomato in the presence as well as 
absence of M. incognita 
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Af. incognita inoculation didn't alter P content significantly. P. 
fluorescens inoculation increased P content significantly both in the 
presence as well as absence of Af. incognita. Highest P content was 
observed in P. fluorescens inoculated plants supplied with PK fertilizer 
combination. The plants inoculated with P. fluorescens and treated with 
fertilizers resulted in significant higher P content as compared to 
inoculation with P. fluorescens alone . The plants treated with N, K and 
NK treatments did not show any significant increase in P content 
irrespective of presence or absence of P. fluoresence (Table 82). 
Potassium fertilizer alone or in combination with other fertilizers 
increased potassium (K) content significantly. Maximum K content was 
observed in plants supplied with K fertilizer alone. K content was not 
altered significantly by M. incognita inoculation. P. fluorescens 
inoculation resulted in significantly higher K content irrespective of the 
presence or absence of M. incognita. Highest K content was observed in 
P. fluorescens inoculated plants supplied with NK fertilizer combination. 
K content significantly increase when plants were inoculated with P. 
fluorescens along with fertilizers as compared to plants inoculated with 
P .fluorescens alone except N, P and NP treatments (Table 83). 
Nematode related parameters 
Nematode population in soil was significantly lower in plants 
treated with fertilizers. Maximum reduction in nematode population in 
soil was observed when a combination of all the three fertilizers was 
given and was followed by NK and PK combinations. N, P or K applied 
singly, were less effective in reducing population of M. incognita in soil. 
P. fluorescens inoculation showed significant decrease in population of 
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Fertilizer treatments 
1 = 0 2 = N 3 = P 4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
Inoculation treatments 
A = 0 B = Pseudomonas fluorescens C = Meloidogyne incognita 
D = P. fluorescens and M. incognita 
Fig. 35 Effect of Pseudomonas fluorescens and N, P and K fertilizers on the 
N, P and K content of tomato in the presence as well as absence of 
M. incognita 
M. incognita in soil. Maximum soil population of nematode was observed 
in plants inoculated with M. incognita alone, and it was minimum when 
nematode inoculated plants were treated with NPK fertilizers in the 
presence of P. fluorescens (Table 84). 
Except Phosphorus fertilizer, all other fertilizers alone or in 
combinations significantly decreased nematode population in root. 
Maximum reduction in population of M. incognita in root was caused by 
NPK combination, followed by NK combination. N, K, NP and PK 
combinations were less effective but still caused significant decline in 
population of M. incognita in root. P. fluorescens inoculation caused 
highly significant reduction in nematode population in root. Maximum 
nematode population in root was observed in plants treated with M. 
incognita alone (in the absence of fertilizers) and minimum in plants 
where P. fluorescens was inoculated in the presence of NPK 
combinations (Table 85). 
Except Phosphorus fertilizer, all other fertilizer treatments either 
singly or in combination resulted a significant reduction in the number 
of egg masses per root system. NPK and NK combinations resulted in 
equal and maximum reduction in the number of egg masses per root 
system. P. fluorescens inoculation caused highly significant decrease in 
egg mass number per root system. Highest number of egg masses per 
root system was observed in plants inoculated with M. incognita alone, 
whereas lowest number v/as observed in plants inoculated with P. 
fluorescens in the presence of NK fertilizer combination (Table 86). 
Fecundity was reduced significantly only by PK and NPK 
combinations among the various fertilizer treatments studied. Other 
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Fertilizer treatments 
1 = 0 2 = N 3 = P 
Inoculation treatments 
A = Meloidogyne incognita 
4 = K 5 = NP 6 = NK 7 = PK 8 = NPK 
B = P. fluorescens and M. incognita 
Fig. 36 Effect of Pseudomonas fluorescens and N, P and K fertilizers on the 
population of M. incognita in root and in soil, and on the number of 
egg masses per root system 
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Fig. 37 Effect of Pseudomonas fluorescens and N, P and K fertil^ Eers on tht 
fecundity of M. incognita and on the number of galls per root system 
fertilizer treatments reduced fecundity non-significantly. Maximum 
reduction in fecundity occurred when all the three fertilizers (NPK) were 
applied together. P. fluorescens inoculation significantly decreased the 
fecundity. Highest value of fecundity was observed in plants inoculated 
with M. incognita alone, while lowest fecundity value was observed when 
plants were inoculated with P. fluorescens and treated with NPK 
combination (Table 87). 
All fertilizer treatments studied caused significant reduction in 
the number of galls per root system. Maximum reduction was caused by 
NK fertilizer combination, which was statistically similar to that caused 
by NPK combination. Individual fertilizer treatments were less effective 
in reducing fecundity as compared to combined treatments. 
P. fluorescens inoculation caused highly significant decrease in 
the number of galls per root system. The number of galls per root 
system was highest in plants inoculated with M. incognita alone, and 
lowest in plants inoculated with P. fluorescens and treated with NPK 
combination of fertilizers (Table 88). 
Discussion 
Fluorescent pseudomonads constitute an important group of 
PGPR, which can significantly increase plant growth (Kloepper and 
Schroth, 1981). They have frequently been considered as the biocontrol 
agent of root diseases of plants. Various workers have reported the 
suppressive effect of Pseudomonas fluorescens on Meloidogyne incognita 
(Siddiqui et al, 2003; Siddiqui and Mahmood, 2003; Khan and Akram, 
2000 and Eapen et al, 1997). This suppressive effect of P. fluorescens 
on M. incognita was observed in the present study also. It was observed 
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that in the presence of P. fluorescens there was significant reduction in 
the severity of root-knot disease. Length, fresh weight and dry weight of 
nematode infected plants was significantly increased in the presence of 
P. fluorescens. Nutrient contents in nematode inoculated plants has 
been found to be reduced due to M. incognita infection, while P. 
fluorescens improved the NPK contents to a significant level. 
Fluorescent pseudomonads produce a number of secondary metabolites 
that possess antimicrobial activity (Leisinger and Margraff, 1979). The 
inoculation with P. fluorescens resulted a reduction in the population of 
M. incognita in soil as well as in root. The number of egg masses per 
root system, number of eggs per egg mass (fecundity) and the number 
of galls per root system were found to be significantly reduced in plants 
inoculated with P. fluorescens. This bacterium has also been reported to 
reduce galling by M. incognita on tomato, brinjal, mungbean and 
soyabean by Siddiqui and Showkat (2003). Number of galls as well as 
the number of eggs of M. incognita was found to be significantly reduced 
when P. fluorescens was used as seed treatment in tomato (Verma et al., 
1999). Soil application of P. fluorescens in grapevine resulted in 
suppression of nematode multiplication (Shanthi et al, 1998). 
Beneficial fluorescent pseudomonads can promote plant growth and 
induce disease suppressiveness by several mechanisms. These include 
siderophore production (Kloepper et a/., 1980), antibiotic production 
(Brisban et al., 1987 and Thomashow and weller 1988), HCN production 
(Schippers, 1988) and by competition in soil and root colonization 
(Weller, 1988). 
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During last few years, members of the genus Pseudomonas have 
attracted the attention of agronomists and microbiologists for their 
positive effect on plant growth promotion (Defago et al, 1990). Plant 
growth promotion and biological control are often both induced by the 
fluorescent pseudomonads (Kloepper et al, 1988 and Suslow, 1982) 
and the same result was also observed in the present study. P. 
fluorescens suppressed the development of root-knot disease and 
promoted the growth of tomato plants. Direct plant growth promotion 
by fluorescent pseudomonads has been reported by many workers. 
Khan and Khan (2001) reported an increase in plant growth and yield 
variables of tomato var. Pusa Ruby inoculated with P. fluorescens. In 
the present study, P. fluorescens inoculation resulted a significant 
increase in length, fresh weight, dry weight and nutrient content of 
tomato plants. Growth promotion by P. fluorescens may be due to the 
production of ph5^ohormones like C3rtokinins (Garcia de Salamone et al, 
2001) or other factors like vitamins (Marek-Kazaczok and Skorupska, 
2001). Nandakumar et al (2001) reported that P./Zuorescens application 
as a bacterial suspension or a talc based formulation through seed, 
root, soil and foliar application (alone or in combination) promoted plant 
growth and ultimately increased 3delds under glasshouse or field 
conditions. Mishra and Sinha (2000) observed significant increase in 
seed germination, root length, shoot length and fresh weight of rice in 
the presence of P. fluorescens. Pal et al, (1999) observed that 
fluorescent pseudomonads exhibited lAA production, phosphate 
solubilization and siderophore production. These substances may play 
an important role in plant growth promotion by these bacteria. 
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Solubilization of soil phosphorus and consequent enhancement in its 
availability to the plant is recogonized as one of the primary benefits of 
fluorescent pseudomonads to the plants. Solubilization of iron by 
microbial siderophores has been reported to increase crop yield 
significantly (Glick, 1995). 
Application of fertilizers resulted in significant increase in plant 
growth and nutrient content. Single fertilizer treatments were less 
effective than combined ones, and a combination of all the three 
fertilizers gave maximum growth promotion. N, P and K fertilizers used 
together have been reported to reduce yield loss by Balogun and 
Babatola (1990). Fertilizers have been reported to increase the growth 
of nematode infected plants by Khan and IChan (1995). Akhtar et al. 
(1998) showed that application of NPK fertilizers induced a significant 
growth increase both in M. incognita inoculated and uninoculated 
plants. Nutrient content in nematode inoculated plants has been found 
to be reduced due to M. incognita infection, while P. Jluorescens 
improved the N, P and K contents to a significant level. A particular 
nutrient content in plants increases when the same nutrient is added 
with a fertilizer dosage. Macgado et al, (1988) have also reported that 
fertilizer treatment (NPK) increased nitrogen, calcium and sulphur 
contents in the shoot of Eucalyptus citriodora raised from seeds in 
nursery beds inoculated with Paspalum notatum root inoculum of a wild 
fungus. 
Application of fertilizers resulted a decrease in infection and 
multipUcation of M. incognita. These findings are similar to those as 
observed by Ahmed et al, (1991) and Waecke and Wando (1993). 
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Reproduction of M. incognita and galls formed by it on papaya roots 
were significantiy reduced by the application of N fertilizer (Khan and 
Khan, 1995). Ahmed et al (1991) reported that N and P fertilizers 
reduced the population of M. incognita in soil and in root. N, P and K 
fertilizers were also found to suppress the pathogenic effect of M. 
incognita by Waceke and Wando (1993). Reduction in infection and 
multiplication of M. incognita can be attributed to the nematicidal 
potential of nitrogenous fertilizers (Rodriguez Kabana et al, 1981, 1982; 
Singh and Sitaramaiah, 1967; Sitaramaiah and Singh, 1969). In fact 
ammonical nitrogen has been reported to be detrimental to nematodes 
(Badra and Khattab, 1980; Upadyaya, 1969 and Akhter et al., 1998). 
Phosphatic fertilizer failed to suppress the population of M. incognita in 
root or the number of egg masses per root system. Similar findings have 
been reported by Tylka et al. (1991). According to them, phosphorus 
fertilizer had no effect on soyabean cyst nematode Heterodera glycines. 
In cotton. Smith et al. (1986d) noted that phosphorus fertilization 
increases yield losses due to M. incognita, increased nematode inoculum 
densities and nematode junveniles penetrating the seedling root. 
However, combined fertilizer treatments have been reported to suppress 
nematode multiplication and infection (Balogun and Babatola, 1990 
and Waceke and Waudo, 1993) and improve the growth of the host 
plant (Akhter et al, 1998), probably through improved host nutrition. 
The response of the fertilizers was not very effective in M. incognita 
inoculated plants. But the plants utilized fertilizers more efficientiy 
when inoculated with P. fluorescens and this resulted in reduction in 
damage caused by M. incognita to a larger extent. Shabaev and Smolin 
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(1999) also observed that the microplots treated with fertilizers and 
inoculated with Pseudomonas gave increased N content in grain and 
straw as compared to fertilizer alone. Application of bacteria with N 
fertilizer compared with PK fertilizer alone provided greater grain yield 
and the increase in grain yield was from 1.19 t /ha to 1.44 t /ha. 
Siddiqui et al., 2001 also observed a significant increase in the growth 
of tomato plants treated with P. fluorescens and inorganic fertilizers. 
Summary 
The objective of this experiment was to determine the role of N, P 
and K fertilizers in the interaction between Pseudomonas fluorescens 
and Meloidogyne incognita. A preliminary investigation was first carried 
out to determine the most effective dose of N, P and K fertilizers. Results 
obtained showed that the most effective dose of fertilizers was 300 
mg/Kg for N; 125 mg/ Kg for P and 200mg/Kg for K. These doses of the 
fertilizers were applied to the plants in the main experiment where they 
were used alongwith M. incognita and P. fluorescens. Inoculation with M. 
incognita resulted a significant reduction in plant length, fresh weight 
and dry weight. The nutrient content(N, P and K) of nematode infected 
plants was lower tlian other treatments. P. fluorescens inoculation 
resulted in significant increase in the length, fresh weight and dry 
weight of the plants. The nutrient content of P. fluorescens resulted in 
increased values of growth parameters and nutient status in the 
presence of M. incognita. 
Individual fertilizer application was found to be less effective in the 
promotion of plant growth and their nutrient content as compared to 
combined application. Application of all these fertilizers together was 
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found to be most effective. It was more effective in reducing the 
infection and multiplication of M. incognita when used along with P. 
flourescens. M. incognita alone showed highest values of infection and 
multiplication parameters, and these were adversely altered by the 
plant growth promoters used. 
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SECTION - V 
SECTION V 
Effect of Glomus mosseae and Pseudomonas fluorescens, alone and 
in combination, on development of root-knot nematode, 
Meloidogyne incognita on tomato 
Introduction 
The activities of rhizosphere inhabiting AMF and sedentary 
endoparasitic nematode, M. incognita exert a characteristic but opposite 
effect upon plant health and vigour. The obligate symbiotic 
endomycorrhizae can stimulate plant development (Rich and Bird, 
1974), whereas the root-knot nematode is a parasite that suppresses 
plant growth (Sasser, 1972). Several investigations have shown tha t 
AMF can markedly alter plant response to plant parasitic nematodes 
(Hussey and Roncadori, 1982). There is increasing evidence that unde r 
various environmental conditions, the adverse effect of plant parasit ic 
nematodes can be partially alleviated by the presence of AM fungal 
association (Hussey and Roncadori, 1978 and Sikora, 1979). On the 
other hand, there are many reports where nematode population 
remains unaffected (O'Bannon et ah, 1979; O'Bannon and Nemec, 
1979) or even stimulated under the influence of mycorrhizal association 
(Atilano et al, 1981). The beneficial effect of AMF on the nematode 
susceptible p lants offset the damage caused by M. incognita (Hussey 
and Roncadori, 1982; Bagyaraj et al., 1979 and Saleh and Sikora, 
1984). 
Fluorescent pseudomonads constitute an important group of 
PGPR, which can significantly increase plant growth (Kloepper and 
Schroth, 1981). They have frequently been considered as the biocontrol 
agent of root diseases of plants. Various workers have reported the 
suppressive effect of Pseudomonas fluorescens on Meloidogyne incognita 
(Siddiqui et ah, 2003; Siddiqui and Mahmood, 2003 and Eapen et ah, 
1996). Fluorescent pseudomonads produce a number of secondary 
metabolites that possess antimicrobial activity (Leisinger and Margraff, 
1979). This bacterium has been reported to reduce galling by M. 
incognita on tomato, brinjal, mungbean and soyabean (Siddiqui and 
Showkat, 2003). Beneficial fluorescent pseudomonads can promote 
plant growth and induce disease suppressiveness by severed 
mechanisms. These include siderophore production (Kloepper et ah, 
1980), antibiotic production (Brisban et al, 1987; Thomashow and 
Weller, 1988), HCN production (Schippers, 1988) and by competition in 
soil and root colonization (Weller, 1988) 
Combined application of G. mosseae and P. fluorescens has been 
reported to be more effective in nematode control (Siddiqui and 
Mahmood, 2001). N, P, Mn and Cu content of grapevine was increased 
by concomitant inoculation with P. fluorescens (Bavaresco and Fagher, 
1992). In this section, the effect of individual and combined application 
of G. mosseae and P. fluorescens on the growth of tomato and on the 
development of root-knot disease has been studied. 
Materials and methods 
Plant culture 
Seedlings of tomato cv. Pusa Ruby were raised in clay pots (30 cm 
diameter) from seeds surface sterilized with 0.01% mercuric chloride. 
The surface sterilized seeds were sown in pots filled with autoclaved 
sandy loam soil (66% sand, 24% silt, 8% clay and 2% OM, pH 7.7). 
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AM fungus, Glomus mosseae and root-knot nematode, 
Meloidogyne incognita used a s inoculants were maintained and 
multiplied a s already described in Section III. The third inoculant, 
Pseudomonas fluorescens was maintanied and multiplied as already 
described in Section IV. The inoculum of G. mosseae was raised and 
maintained on maize (Zea mays). The population of G. m.osseae in the 
inoculum was assessed by the most probable number method (Porter, 
1979). 60 g of inoculum with soil was added around the seedlings to 
inoculate 1200 infective propagules of G. mosseae per plant. Af. 
incognita inoculation was done after removing the top soil layer around 
the root carefully, a suspension of 2000 freshly hatched juveniles of 
nematodes per plant was poured around the root and the soil was 
replaced to its former condition. For inoculation of P. fluorescens, 2 ml 
of bacterial suspension was poured around each seedling, to inoculate 2 
X 108 bacterial cells per plant. The t reatments were a s follows. 
1. Control 
2. M. incognita (MI) 
3 . G. mosseae (GM) 
4. P. fluorescens (PF) 
5. (MI + GM) 
6. (MI + PF) 
7. (GM + PF) 
8. (MI + GM + PF) 
The effect of these t reatments was studied in terms of their 
influence on plant growth, nutr ient s ta tus , on mycorrhization and on 
the nematode infection and multiplication. The data collected were 
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statistically analysed in simple randomized design by the method of 
Dospekhov (1979). Details of the AN OVA model used are given in 
appendix J. 
Results 
Growth Parameters 
Shoot length of M. incognita inoculated plants was significantly 
lower than all other treatments as well as the uninoculated control. 
Inoculation with G. mosseae and P. fluorescens caused significant and 
statistically similar increase in shoot length. G. mosseae or P. 
fluorescens caused non-significant increase in shoot length in the 
presence of M. incognita. Maximum increase (32.8%) in shoot length 
was observed when plants were inoculated in combination with G. 
mosseae and P. fluorescens. Even in the presence of Af. incognita, these 
two organisms inoculated together increased shoot length signficantly 
(Table 89). 
Root length was lowest in plants inoculated with Af. incognita. P. 
fluorescens increased root length significantly both in the presence as 
well as in the absence of M. incognita. G. mosseae too increased root 
length signficantly in the absence of Af. incognita, but the increase 
became non-significant when nematodes were inoculated. Root length 
was highest (43.7%) in plants inoculated in combination with G. 
mosseae and P. fluorescens, but it was reduced significantly in the 
presence of M. incognita. Even then, the root length was significantly 
higher, compared to the uninoculated control (Table 89). 
M. incognita inoculated plants had the lowest plant length. This 
was significantly lower than all other treatments studied. G. mosseae 
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and P. fluorescens inoculation caused statistically similar and 
significant increase in plant length, but the presence of M. incognita 
resulted a non-significant increase. Maximum increase (36.2) in plant 
length was observed when both G. mosseae and P. fluorescens were 
inoculated together. Even in the presence of M. incognita, these two 
organisms in combination resulted an increase in plant length as 
compared to the control (Table 89). 
Inoculation with M. incognita resulted in significant reduction in 
shoot, root and plant fresh weight. Inoculation with G. mosseae or P. 
fluorescens resulted a significant increase in shoot, root and plant fresh 
weight. In presence of G. mosseae or P. fluorescens, M. incognita failed to 
cause significant change in shoot, root and plant dry weight. When 
inoculated together, G. mosseae and P. fluorescens resulted a higher 
shoot, root and plant fresh weight irrespective of the presence or 
absence of M. incognita (Table 90). 
M. incognita caused a significant decrease in the shoot and whole 
plant dry weight. The reduction in root diy weight due to M. incognita 
was not significant. Inoculation with G. mosseae or P. fluorescens 
resulted significant increase in shoot, root and plant dry weight. G. 
mosseae caused significantiy greater increase in shoot and whole plant 
dry weight, compared to P. fluorescens. Root dry weight of G. mosseae 
and P. fluorescens inoculated plants was not significantiy different. In 
the presence of G. mosseae or P. fluorescens, M. incognita failed to cause 
significant change in shoot and plant dry weight. In the presence of M. 
incognita, G. mosseae increased root dry weight significantiy. G. 
mosseae and P. fluorescens in combination resulted in higher shoot, 
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Table 89. Effect of inoculation of M. incognita, G. mosseae and P. 
fluorescens, alone and in combination, on shoot, root and 
plant length of tomato 
Treatment Shoot length Root length Plant length 
(cm) (cm) (cm) 
Control 39.3±2.6 18.3±1.2 57.6±3.8 
M. incognita {Mi) 27.5±1.7 14.9±1.2 42.4±2.8 
G. mosseae (Gm) 46.4±4.3 22.5±2.1 68.9±6.1 
P./Zuorescens (Pf) 44.6±4.2 21.9±1.6 66.5±5.6 
Mi + Gm 42.1±2.6 19.2±1.4 61.3±4.0 
Mi + Pf 40.3±2.3 20.6±1.7 60.9±4.0 
Gm + Pf 52.2±4.0 26.3±2.1 78.5±6.1 
Mi + Gm + Pf 45.3±3.6 23.2±2.2 68.5±5.9 
L.S.D. a t5% 4.2 2.3 6.4 
Table90: Effect of inoculation of M. incognita^ G. mosseae and P. 
fluorescens, alone and in combination, on shoot, root and 
plant fresh weight of tomato 
Treatment Shoot fresh Root fresh Plant fresh 
Weight (g) Weight (g) Weight (g) 
Control 
M. incognita (Mi) 
G. mosseae (Gm) 
P. fluorescens (Pf) 
Mi + Gm 
Mi + Pf 
Gm + Pf 
Mi + Gm + Pf 
27.5±2.6 
22.3±1.6 
32.1±1.8 
30.9±1.8 
28.711.4 
28.1±2.4 
34.2±1.8 
30.7±2.5 
7.9±0.7 
6.4±0.6 
9.5±1.2 
9.3±0.8 
7.610.9 
8.210.8 
10.110.9 
9.210.9 
35.411.8 
28.7+1.2 
41.610.8 
40.211.1 
36.310.9 
36.311.6 
44.310.8 
39.911.7 
L.S.D. at 5% 2.6 1.1 3.7 
Mean! S.D 
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root and plant dry weight even in the presence of M. incognita (Table 
91). 
Nutrient Status 
Nitrogen (N) content was lowest in nematode inoculated plants as 
compared to uninoculated control. Both G. mosseae and P. fiuorescens 
caused significant increase in N content. G. mosseae resulted a higher 
increase in N content as compared to P. fiuorescens. G. mosseae 
significantly increased the N content of tomato plants even in the 
presence of M. incognita, but P. fiuorescens caused only non-significant 
increase in the presence of this nematode. N content of the plants was 
highest (32.1%) when both G. mosseae and P. fiuorescens were 
inoculated. This was statistically similar to that observed in plants 
inoculated with G. mosseae alone (Table 92). 
Lowest phosphorus (P) content was observed in plants inoculated 
with M. incognita, as compared to uninoculated control. P content of 
plants was highest (36.8%) when both G. mosseae and P. fiuorescens 
were present together. This result however, was not significantly 
different from those where either of these organisms were present. G. 
mosseae and P. fiuorescens, whether present alone or in combination, 
resulted a significant increase in P content of tomato plants even in the 
presence of M. incognita (Table 92). 
The potassium (K) content in M. incognita inoculated plants, was 
not significantly different from that of control. G. mosseae and P, 
fiuorescens increased K content significantly, and presence of M. 
incognita resulted non signficant difference in the enhancement of K 
content by these organisms. K content was highest (26.9%) in plants 
109 
Table 91: Effect of inoculation of M. incognita, G. mosseae and P. 
fluorescens, alone and in combination, on shoot, root and 
plant dry weight of tomato 
Treatment 
Control 
M. incognita (Mi) 
G. mosseae (Gm) 
P. fluorescens (Pf) 
Mi + Gm 
Mi + Pf 
Gm + Pf 
Mi + Gm + Pf 
Shoot dry 
Weight (g) 
Root dry 
weight (g) 
6.63±0.60 
5.12±0.30 
8.32±0.83 
7.82±0.62 
5.97±0.60 
6.21±0.74 
8.97±0.96 
7.73±0.72 
2.27±0.23 
2.05±0.18 
3.11+0.24 
2.95±0.34 
2.61±0.16 
2.7710.27 
3.5210.29 
2.9710.35 
Plant dry 
weight (g) 
8.9010.83 
7.1710.46 
11.4311.10 
10.7710.92 
8.5810.75 
8.9810.99 
12.4911.19 
10.7011.05 
L.S.D. at 5% 0.90 0.34 1.21 
Table 92: Effect of inoculation of M. incognita, G. mosseae and P. 
fluorescens, alone and in combination, on nitrogen, 
phosphorus and potassium content of tomato 
Treatment 
Control 
M. incognita (Mi) 
G. mosseae (Gi 
P. fluorescens 
Mi + Gm 
Mi + Pf 
Gm + Pf 
Mi + Gm + Pf 
L.S.D. at 5% 
Meanl S.D 
m) 
(Pf) 
Nitrogen 
(%) 
2.8310.29 
2.3410.28 
3.7310.29 
3.3010.28 
3.2510.32 
3.1610.28 
3.7410.41 
3.5910.35 
0 .41 
Phosphorus 
(%) 
0.29310.033 
0.28210.015 
0.38510.043 
0.37410.032 
0.35610.026 
0.34410.030 
0.40110.033 
0.37110.023 
0 . 3 9 5 
Potass ium 
(%) 
1.8910.24 
1.6610.14 
2.3510.18 
2.2110.25 
2.2810.30 
2.2110.20 
2.4010.13 
2.3010.26 
0 . 2 9 
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where botii P. fluorescens and G. mosseae were present, and presence of 
M. incognita alongwith these two organisms caused a non-significant 
decrease in K content of tomato plants (Table 92). 
Nematode related parameters 
The population of M. incognita in soil was significantly reduced in 
the presence of either P. fluorescens or G. mosseae or both. Maximum 
reduction occurred when P. fluorescens and G. mosseae were present 
together. This was statistically similar to that caused by G. mosseae 
alone. When P. fluorescens alone was inoculated, the reduction in 
nematode population was significantly lower to G. mosseae inoculated 
plants. A similar result was observed for the population of M. incognita 
in root (Table 93). 
Number of e ^ masses per root system was highest when M. 
incognita alone was inoculated. Presence of G. mosseae and/or P. 
fluorescens caused significant reduction in this number. Maximum 
reduction was observed when both G. mosseae and P. fluorescens were 
inoculated together and this was significantly higher than that caused 
either by G. mosseae or P. fluorescens alone. The reduction in number 
of egg masses per root system caused by G. mosseae was statistically 
similar to that caused by P. fluorescens (Table 93). 
Significant reduction in fecundity was observed when plants were 
inoculated with P. fluorescens or G. mosseae or both. A combination of 
both these organisms resulted a maximum decline in fecundity. But 
statistically, the reduction caused by both G. mosseae and P. 
fluorescens was not significantly different from that caused by G 
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mosseae alone. P. fluorescens alone caused significantly lesser 
reduction in fecundity than G. mosseae (Table 93). 
Plants inoculated with M. incognita showed the highest number of 
galls per root system. The presence of G. mosseae or P. fluorescens or 
both caused significant decrease in the population. A combination of 
both G. mosseae and P. fluorescens was the most effective, followed by 
G. mosseae and P. fluorescens alone. These differences in effectiveness 
in reducing the number of galls per root system were statistically 
significant (Table 93). 
Mycorrhization parameters 
External colonization was highest when G. mosseae was 
inoculated alone. Presence of M. incognita or P. fluorescens adversely 
affected external colonization by G. mosseae. M. incognita alone was 
more detrimental to external colonization than P. fluorescens alone 
(Table 94). 
Internal colonization was not significantly altered by P. 
fluorescens. M. incognita, alone or in combination with P. fluorescens, 
resulted a significant reduction in internal colonization. M. incognita 
alone was the most detrimental to internal colonization (Table 94). 
The percentage of arbuscules was highest when G. mosseae was 
inoculated alone. Presence of P. fluorescens and M. incognita affected it 
adversely, and caused a significant decline in this percentage. M. 
incognita, in the presence as well as absence of P. fluorescens, caused 
significant decline. P. fluorescens alone caused significantly lesser 
reduction in the percentage of arbuscules (Table 94). 
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M. incognita caused significant and maximum reduction in 
number of chlamydospores of G. mosseae in root. P. fluorescens was 
significantly less harmful to the number of chlamydspores in root. In 
the presence of P. fluorescens, M. incognita was significantly less 
harmful in the production of chlamydospores of G. mosseae in root. P. 
fluorescens alone didn't cause significant decline in number of 
chlamydospores of G. mosseae in soil. M. incognita alone caused highest 
and significant decrease in number of chlamydospores in soil. Presence 
of P. fluorescens alongwith M. incognita made no significant difference to 
the suppression of number of chlamydospores of G. mosseae in soil 
(Table 94). 
Discussion 
Root-knot nematodes (Meloidogyne species) are widespread 
parasites of plants and cause severe damage. Usefulness of AM fungi 
has been reported from time to time by many workers (Hasan et al, 
2003; Jothi and Sundrababu, 2000). These fungi alleviate the severity 
of the disease and improve plant growth. Fluorescent pseudomonads 
have also been considered as the biocontrol agents of root diseases of 
plants. There are many reports of the suppressive effect of 
Pseudomonas fluorescens on M. incogfm'ta (Siddiqui et al, 2003; Siddiqui 
and Mahmood, 2003; Eapen et al, 1996). Combined application of G. 
mosseae and P. fluorescens has been reported to be a potent tool in 
biological control for nematode (Siddiqui and Mahmood, 2001). 
Inoculation with M. incognita resulted in the reduction of the 
growth parameters and nutrient content. Root-knot nematodes have 
been reported to inflict reduction in plant growth and yield on several 
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crops (Sasser, 1980; Sasser and Carter, 1982). Reduction in plant 
growth due to root-knot nematode infection is caused mainly by 
malfunctioning of roots resulting in impaired supply of water and 
nutrient to the infected plants. This is because of the various 
anatomical and biochemical changes induced by the nematode (Singh 
and Sitaramaiah, 1994). Reduced plant growth resulted a decrease in 
nitrogen, phosphorus and potassium content of the plants. 
Inoculation of tomato plants with Glomus mosseae significantly 
increased plant growth and nutrient contents. Improved nutrient status 
viz., nitrogen, phosphorus and potassium might be the reason for 
improved plant growth characteristics in the mycorrhizal plants. 
Mycorrhizal infection can improve the phosphorus nutrition of the host, 
and absorbed phosphorus is probably converted into polyphosphate 
granules in the external h3T)hae (Callow et al, 1978) and passed to the 
arbuscules for transfer to the host (White and Brown, 1979). The 
mycelial network in mycorrhizal plants enables them to extract 
phosphorus from places beyond the zone of low concentration around 
the roots (Jakobson et a/., 1992). AM fungi also stimulate plant uptake 
of zinc, copper, sulphur, potassium and calcium, although not as 
markedly as phosphorus (Cooper and Tinker, 1978), and tap organic 
and inorganic phosphorus sources in soil which are normally 
unavailable to non-mycorrhizal plants (Powell, 1979). Improved plant 
growth due to mycorrhizal fungus is reflected in all the parameters. 
Presence of G. mosseae adversely affected root and soil 
populations, root-galling, egg mass production and fecundity of M. 
incognita. Reduction in the root-knot disease may be possibly due to 
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improved nutrient status of the plant and better plant growth may have 
induced resistance against juvenile penetration, rate of multiplication, 
egg mass production and gall formation by the nematode. Price et al. 
(1989) also recorded significantly lower number of nematodes per gram 
of root in mycorrhizal plants than non-mycorrhizal plants and also the 
highest levels of nitrogen, sodium, phosphorus, potassium and iron 
were also recorded in mycorrhizal plants. AM fungi have been known to 
increase tolerance towards nematodes (Mengel and Kribby, 1979) and 
reduced symptoms of nematode diseases (Hussey and Roncadori, 1982). 
The increase in aminoacids, sugars, phenolic compounds and enzyme 
activity in the roots of mycorrhizal plants have been observed 
(Baltruschat and Schoenbeck, 1972 a, b; Safir, 1968; Dehne and 
Schoenbeck, 1979 and Dehne et al, 1978). High chitinase activity of the 
mycorrhizal tissue inhibits the growth of the pathogens competing for 
the same infection site. The competition, for food and space has also 
been suggested by O'Bannon and Nemec (1979) as a possible reason for 
checking the nematode attaack. Similar results were obtained by 
Cooper and Grandison (1986, 1987) while working on tomato and 
tamirillo respectively; Mishra (1996); Sundrababu et al. (1996); Mishra 
and Shukla (1997) on tomato and Butool and Haseeb (1996) working on 
Egyptian henbane. Population of nematode, egg mass production, 
fecundity and root galling showed a decline in mycorrhizal plants 
compared to plants inoculated with nematode alone. Root-knot 
nematode suppressed both external and internal colonization 
percentage, arbuscules formation and number of chlamydospores in 
soil and root. These are in agreement with Iqbal and Mahmood (1999) 
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on tomato and Jain and Hasan (1988) also reported low incidence of 
root-knot nematode in roots in crops like gram, cowpea and pigeonpea. 
Sitaramaiah and Sikora (1982) observed that inoculation of 
tomato transplants or the nursery bed with Glomus fasciculatum 
significantly reduced juvenile penetration, number of eggs/egg sac and 
development of Rotylenchulus reniformis on mycorrhizal plants when 
compared to control. Suppressed root-knot disease and plant growth 
stimulation by AM fungi has been observed on common bean, tomato, 
banana, peach, cowpea and citrus (Sivaprasad et al., 1990; Osman et 
al, 1990; Umesh et al, 1988; Suresh et al, 1985; and Hussey and 
Roncadori, 1982). Mycorrhizal infection parameters were affected by 
M. incognita to a considerable extent. Reduced mycorrhizal infection and 
development in the presence of endoparasitic nematodes has also been 
recorded by other workers on cotton, tomato and soyabean (Sikora and 
Sitaramaiah, 1995; Iqbal and Gautam, 1995; Rich and Bird, 1974; Bird 
et al, 1974; Schenck and Kinloch, 1974). Root-knot disease in the 
present study has been affected possibly by the physiological and 
biochemical changes associated with mycorrhizal colonization of roots. 
The attractiveness of the root system to M. incognita larvae was altered 
by the presence of G. mosseae which resulted in the inhibition of the 
growth of the nematode on G. mosseae colonized tomato roots (Sikora, 
1978). This shows that the AM fungi can alter the physiology of root 
and root exudation which are responsible for chemotactic attraction of 
nematode (Sikora and Schoenbeck, 1975; Sikora and Sitaramaiah, 
1995; Lingaraju and Goswami, 1993; Sitaramaiah and Sikora, 1980; 
Hussey and Roncadori, 1978 and Fox and SpasofF, 1972). 
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Direct plant growth promotion by fluorescent pseudomonads has 
been reported by many workers. Khan and Khan (2001) reported an 
increase in plant growth and yield variables of tomato var. Pusa Ruby 
plants on inoculation with P. fluorescens. In the present study, P. 
fluorescens inoculation resulted a significant increase in length, fresh 
weight, dry weight and nutrient content of tomato plants. Growth 
promotion by P. fluorescens may be due to the production of 
phytohormones like cj^okinins (Garcia de Salamone et al, 2001) or 
other factors like vitamins (Marek-Kazaczok and Skorupska, 2001). 
Nandakumar et al. (2001) reported that P. fluorescens application as a 
bacterial suspension or a talc based formulation through seed, root, soil 
and foliar application (alone or in combination) promoted plant growth 
and ultimately increased yields under glasshouse or field conditions. 
Mishra and Sinha (2000) observed significant increase in seed 
germination, root length, shoot length and fresh weight of rice in the 
presence of P. fluorescens. Pal et al. (2001) observed that fluorescent 
pseudomonads exhibited L\A production, phosphate solubilization and 
siderophore production. These substances may play an important role 
in plant growth promotion by these bacteria. 
Fluorescent pseudomonads have frequently been considered as 
the biocontrol agent of root diseases of plants. Various workers have 
reported the suppressive effect of Pseudomonas fluorescens on 
Meloidogyne incognita (Siddiqui et al, 2003; Siddiqui and Mahmood, 
2003; Khan and Akram, 2000 and Eapen et al, 1997). This suppressive 
effect of P. fluorescens on M. incognita was observed in the present study 
also. It was observed that in the presence of P. fluorescens there was 
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significant reduction in the severity of root-knot disease. The length, 
fresh weight and dry weight of nematode infected plants were 
significantly increased by the presence of P. fluorescens. The same trend 
was observed in case of nutrient content also. Fluorescent 
pseudomonads produce a number of secondary metabolites that 
possess antimicrobial activity (Leisinger and Margraff, 1979). In the 
present study inoculation with P. fluorescens resulted reduction in the 
population of M. incognita in soil as well as in root. The number of egg 
masses per root system, number of eggs per egg mass (fecundity) and 
the number of galls per root system were found to be significantly 
reduced in plants inoculated with P. fluorescens. This bacterium has 
been reported to reduce galling by M. incognita on tomato, brinjal, 
mungbean and soyabean (Siddiqui and Showkat, 2003). Number of 
galls as well as the number of eggs of M. incognita was found to be 
significantly reduced when P. fluorescens was used for seed treatment of 
tomato (Verma et ah, 1999). Soil application of P. fluorescens in 
grapevine resulted in suppression of nematode multiplication (Shanthi 
et ah, 1998). Beneficial fluorescent pseudomonads can promote plant 
growth and induce disease suppressiveness by several mechanisms. 
These include siderophore production (Kloepper et al, 1980), antibiotic 
production (Brisban et al, 1987; Thomashow and weller, 1988), HCN 
production (Schippers, 1988) and by competition in soil and root 
colonization (Weller, 1988). 
Combined inoculation with G. mosseae and P. fluorescens 
resulted in increased values of growth parameters and nutrient status 
as compared to the uninoculated control. Nitrogen, phosphorus and 
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potassium content of plants inoculated with both these symbionts 
together was higher than that of plants inoculated with either of them. 
Length of plants inoculated with both the symbionts together was more 
than those inoculated with either of these organisms. Similar results 
have earlier been reported by Siddiqui and Mahmood (1998). Nutrient 
content of grapevine was increased by concomitant inoculation with P. 
fluorescens (Bavaresco and Fagher, 1992). The suppression in M. 
incognita infection and multiplication was greater when both the 
symbionts were applied together. Combined application of G. mosseae 
and P. fluorescens has also been reported to be more effective in 
nematode control (Siddiqui and Mahmood, 2001). 
Summary 
Arbuscular mycorrhizal fungus, Glomus mosseae and a plant 
growth promoting rhizobacterium [PGPR], Pseudomonas fluorescens 
were used for the management of root-knot disease caused by 
Meloidogyne incognita on tomato var. Pusa Ruby. Af. incognita caused 
significant reduction in length, fresh weight as well as dry weight. The 
nutrient content of nematode inoculated plants was lowest. Inoculation 
with this nematode caused significant reduction in mycorrhization by G. 
mosseae. Inoculation with G. mosseae and/or P. fluorescens resulted in 
high values of growth parameters and nutrient content. G. mosseae 
caused greater increase in the values of these parameters compared to 
P. fluorescens. Inoculation of nematode infected plants with G. mosseae 
and/or P. fluorescens alleviated the adverse effect of the nematode. 
Combined inoculation of G mosseae and P. fluorescens was more 
effective in reducing the adverse effects of M. incognita compared to 
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individual application. G mosseae was more effective in reducing the 
infection and multiplication of M. incognita compared to P. fluorescens. 
Maximum reduction in the infection and multiplication was observed 
when both G. mosseae and P. fluorescens were inoculated. Inoculation 
of mycorrhizal plants with P. fluorescens was found to cause reduction 
in the values of mycorrhization parameters. 
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